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applications for the evaluation of antenna parameters. The
applications are written for the Mathcad personal computer
software for various antenna types listed in the thesis index.
Antenna dimensions and, in some cases, ground parameters are the
only required inputs for each application. No new antenna
parameter equations were developed as a part of this research.
The chapters of this thesis are intended to provide Mathcad
antenna application users with the background information
necessary to readily use and interpret the software for each
antenna type. Appendices are provided with examples of each
antenna application. Each application has an introductory
paragraph and a table of required inputs.
The Mathcad software provides various numerical outputs and
performance predictions, as well as a graphical representation of
radiation patterns in the far-field. Mathcad application results
are consistent with the predictions of applicable publications,
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I. BACKGROUND AND PURPOSE
This report and associated Mathcad computer software are
submitted in partial fulfillment of the thesis requirements for
the degree of Master of Science in Electrical Engineering from
the Naval Postgraduate School in Monterey, CA.
The thesis requirement was generated by a statement of work
from the Naval Maritime Intelligence Center (NAVMARINTCEN) such
that any IBM compatible personnel computer with MS-DOS version
3.2 or higher and a math coprocessor could run Mathcad software
applications to analyze the parameters of different antenna types
requested by NAVMARINTCEN.
Required user inputs to the applications are limited to
antenna dimensions and ground data, although in some cases other
data may be estimated to provide further insight into the
antenna's performance. The Mathcad applications provide various
performance predictions as well as a graphical representation of
the antenna's far-field radiation pattern. The corresponding
thesis chapter furnishes the application user all the necessary
background information needed to interpret the program's formulas
and displays, thereby allowing NAVMARINTCEN to interpret the
capabilities and limitations of antennas of interest.
Dietrich [Ref 1.] completed the first portion of this
project. This thesis will be the second in a series of three
reports intended to fulfill the NAVMARINTCEN statement of work.
II. INTRODUCTION
When a foreign country develops a new communications or
radar system there are many reasons why various United States
agencies may want to be appraised of the new eguipment's
capabilities and limitations. Indeed, if the country is hostile
to the United States, the need for rapid threat analysis can be
urgent. Unfortunately, without some human intelligence or other
highly classified source data, input to any threat analysis is
constrained to dimensional information gained from photographs of
the eguipment's antennas. In the past, intelligence agencies
analyzing each new system on a case by case basis found this
process to be very slow, tedious, and man power intensive.
With the advent of powerful personal computers and the
availability of sophisticated mathematics software, antenna
analysis using data obtained from photographic intelligence may
now be achieved in a rapid manner. The goal of this report is to
document the software developed to accomplish this type of
performance appraisal. With this report and its programs,
NAVMARINTCEN is supplied with a user friendly tool to aid in
their task of antenna system evaluation.
It should be recognized that computer analysis of antenna
parameters has its limitations. For example, it is impossible to
account for the effects of adjacent structures on far-field
radiation patterns and still keep the Mathcad applications
moderately simple. In addition, without knowledge of parameters
such as feed line characteristic impedance and antenna materials,
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it is impossible to precisely assess the efficiency, gain, and
radiated power of any antenna. Nevertheless, in most cases this
report should provide the tools necessary to gain an excellent
initial insight into the capabilities of systems which use the
antenna types considered herein.
Each chapter of this report reviews a specific type of
antenna and is written as a comprehensive reference for the
software. Copies of each application are included as appendices
to provide the user with a printed illustration of the software.
III. THE HELICAL ANTENNA
The helical antenna is a wideband, highly directional device
when operated in the axial radiation mode. It is commonly used
in satellite and communications systems. To implement the
Mathcad software for the helical antenna the following dimensions
are needed:
D = diameter of helix (center to center of the conductor)
S = turn spacing (center to center of the conductor)
L = length of one turn
n = number of turns
d = diameter of helix conductor
C = circumference of the helix = 7rD*
a = pitch angle = tan" 1 (S/7TD) "
The first four dimensions are application inputs, the indicates
that the remaining two parameters are calculated by the helical
antenna Mathcad application. The helical antenna geometric
relationships are illustrated in Figures 3.1 and 3.2.
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FIGURE 3.2 Pitch Angle of a Helix
The axial mode helical antenna has a highly directive main
lobe, negligible mutual impedance with adjacent antennas, a low
voltage standing wave ratio (VSWR) , and a resistive input







Subscripts containing (A) indicate the dimension in wavelengths.
Assuming (3.1) - (3.3) are satisfied, one can estimate






For a long helix (nS A > 1) , the relative phase velocity of
the traveling wave (p) is the key variable for calculating far-
field radiation patterns and associated parameters. Although
several equations can be used for determining relative phase
velocity, the one which most closely matches measured results is
[Ref 2: pp. 288-300]
:
L,
p= r—} r (dimensionless) (3.5)Sk +w+ (l/2n)
In (3.5), (m) corresponds to the transmission mode number of the
antenna. The transmission mode is a term used to describe the
manner in which an electromagnetic wave propagates down the
helix. The number assigned to a given transmission mode (Tm ) is
an integer. When m = the helix radiates in what is termed the
normal mode, since the main lobe is perpendicular to the axis of
the helix. In some texts a helical antenna which radiates in the
normal mode is called an electrically small antenna. The normal
mode is not commonly used and will not be covered further in this
report. The Mathcad applications analyze only the non-zero
transmission modes of a given helical antenna.
The mode of a helix is determined by its physical size, with
higher modes corresponding to larger antennas. The relationship
between helix circumference and spacing for m = 1,2 is
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FIGURE 3.3 Helix Mode Chart
The general relationship between helical radiation mode,
turn length, circumference, and spacing is provided in the
following equations [Ref 2: p. 289]:
L 2 =C 2 +S 2 (3.7)
^±=Sk +m (3.6)P
Once the relative phase velocity has been determined and a
transmission mode is selected, it is possible to resolve the far-
field radiation pattern of the helix. As long as the helix is
long, it can be regarded as an array consisting of (n) one turn
loops. To begin radiation pattern computations the phase shift
(lj;) of each equivalent point source in the effective array factor
of the helix is computed as follows:
\lr = 27i (5,cos6-— ) (radians) (3.8)
P
In (3.8), (0) corresponds to the coaltitude, or deflection angle
from the axis of the helix.
As a result of the symmetrical nature of a helical antenna's
main lobe the following relation holds:
E^jE^ (V/m) (3.9)
The far-field radiation pattern of a single helical turn is
reasonably estimated by cos (8). The electric field pattern (E)
is given by the product of the array factor and the individual
turn's pattern. As predicted by the principle of pattern
multiplication, the array factor corresponding to an array of
isotropic point sources dominates the field pattern generated by
a single turn of the helix. This effect can be seen in the
following formula for electric field [Ref 2: pp. 294-295]:
It should be noted that unless the helix is very short (nS A
sin^*




.5), ground plane reflections and their effects on electric
field patterns for the antenna are negligible. Consequently,
ground parameters are not required for this application.
The radiation intensity (U) at any far-field observation
point is a function of E
e
and E per the following equation [Ref
3 : pp. 28-29]
:
U=-±- [\EQ \ 2 + \EJ 2 ] (W/ solid ang) (3.11)
2T)
From (3.9), (3.11) can be reduced to:
U=— \E\ 2 (W/ solid ang) (3.12)
no
In (3.11) and (3.12), (77J is the intrinsic impedance of free
space.





In (3.13), (n) is a sphere in the far-field surrounding the
antenna.
It is impossible to determine total efficiency (e t ) of the
helical antenna based only on dimensional information. Therefore,
an antenna's gain (G) cannot be precisely determined using the





However, a unique feature of helical antennas is that input
impedance (ZJ is essentially equal to input resistance (R) when
(3.1) - (3.3) are satisfied. Fortuitously, the input resistance
of the helical antenna can be calculated with observed
measurements by [Ref 2: pp 277-278]:
Axial Feed: R=l4 OC, (fi) (3.15)
Peripheral Feed: i?=-i^ (Q) (3.16)
If antenna feed characteristic impedance (Z ) is known or
can be estimated, then reflection efficiency (e r ) can be computed





=l-|r| 2 (dimensionless) (3.18)
Although (3.17) and (3.18) provide an estimate of reflection
efficiency, no other helical antenna efficiency terms can be
determined based on geometry alone. Thus, all other components
of total efficiency are assumed to be unity and gain is expressed
as:
G=erD (dimensionless) (3.19)
EIRP is a commonly used term from communications that is
formally defined as the product of antenna gain and total power
11
accepted by the antenna from the transmitter. EIRP is determined
as follows [Ref 5: p. 62]:
EIRP=PiadDQ (W) (3.20)
A functional helical antenna will exhibit nearly circular
polarization when (3.1) - (3.3) are satisfied. Axial ratio (AR)
provides a figure of merit for circular polarization in that if
it is equal to unity the polarization of the antenna is exactly
circular. The further axial ratio is from one, the more
elliptically polarized the helical wave will be . The axial ratio
of a helix is [Ref 2: pp. 301-307]:
AR= \LX (sin (a) -l/p) | (dimensionless) (3.21)
The helical antenna's unit polarization vector (a a ) at a
given point in the far-field is computed using the Cartesian
components of electric field. The Cartesian components of
electric field and the antenna's unit polarization vector are
determined using the results of (3.9) and (3.10) as follows [Ref
5: p. 555]
:








aj? +aJZ +a E
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In (3.25), (axyz ) are the Cartesian unit vectors.
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When the helical antenna is used for reception and the
incoming wave's electric field unit vector (p w ) at a given point
in the far-field is known or can be estimated, the polarization
loss factor (PLF) is given by [Ref 3: p. 51]:
PLF=|o^o*| 2 (dimensionless) (3.26)
The term which best describes an antenna's ability to
capture incoming electromagnetic waves and extract power from
them is maximum effective aperture (Aem ) . Maximum effective
aperture for a helical antenna is [Ref 3: p. 63]:
A ew-[PLF][e z^-D } (m 2 ) (3.27)471
In (3.27), (A) is wavelength of the frequency (f) of interest.
Although the current (I ) at the terminals of the helical
antenna cannot be determined from dimensional information alone,
if the current is assumed to be unity the radiation resistance
(R
r ) and maximum effective height (h em ) are estimated by [Ref 2:
p. 42]:











The bandwidth (BW) of an operational helix is determined by
the high and low frequencies (fhigh/ fiow ) corresponding to the
dimensional limits of (3.1). Therefore, bandwidth can be
calculated using the speed of light (c) by:
1.15 c
CftlsfiT
±^^ <**> ( 3 - 31 )
BW=fhlgh-flow (Hz) (3.33)
Most of the parameters calculated by the Mathcad helical
antenna applications are only valid if the observation point (r)
is in the far-field. An observation point is considered to be in







5 * 2 (m) (3.36)
A
Table 3.1 and Figure 3.4 compare measured data to that
calculated by the Mathcad applications for a 10 turn helical
antenna (D = .1074 meters and a = 12.8°) [Ref 6: 13-6 - 13-9].
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FIGURE 3.4 Helical Antenna Electric Field Pattern
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IV. THE BEVERAGE ANTENNA
The Beverage antenna is a single wire antenna parallel to
the ground and terminated with a load equal to the characteristic
impedance (Z ) of the wire. The transmitter or receiver of a
Beverage antenna has one end connected to the wire and the other
to ground. Because of its matched termination, the Beverage
antenna does not develop a significant standing voltage wave
along its length. Therefore, it is known as a traveling wave
antenna. The relative phase velocity (p) of the wave traveling
down the antenna is typically less than one. Thus, the Beverage
antenna is also considered a slow wave antenna. [Ref 3: pp. 372-
374]
Although radiation can occur at any non-uniformities in the
device, the Beverage antenna primarily generates a vertically
polarized cone shaped main beam that points in the direction of
the traveling wave. The geometry of a Beverage antenna is







FIGURE 4 . 1 The Beverage Antenna
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FIGURE 4.2 Elevation Angle (6) of a Beverage Antenna
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In Figure 4.1, (h) is the antenna's height above ground and (L)
is the total length of the antenna. In Figure 4.2, (6) is the
angle of incidence of an incoming or transmitted wave with
respect to ground.
Typically, the electrical length of a Beverage antenna (LA )
will be on the order of 0.5 to 2 wavelengths. Maximum length
( LAmax) a "t which the antenna is expected to operate is a function
of both arrival angle of the incoming wave and relative phase
velocity. A precise formula for maximum length is [Ref 7: p. 14]:
Lxmax = : (wavelengths)
4(--cos(6)) { '
P
Unfortunately, use of (4.1) is normally not possible. The
wave's angle of incidence is always changing and can only be
estimated using statistical techniques. In addition, relative
phase velocity is not easily determined by the antenna's geometry
and, consequently is not generally known. Some relative phase
velocity measurements have been conducted over the following
frequency band [Ref 7: p. 19]:
1.6 MHz < f < 10.5 MHz (Hz) (4.2)
If the frequency of interest meets the criteria of (4.2), then
(p) can be computed by:
p= .65891(—^) -"8523821 ( dimensionless) (4 * 3)
1000
If inadequate information is available to use (4.1), the
Beverage antenna application user can estimate maximum length
20
from Table 4.1 [Ref 7: p. 14].







10 1.80 2.19 2.76
20 1.36 1.57 1.84
30 .97 1.07 1.19
40 .70 .75 .81
50 .52 .55 .58
Because of the difficulty determining (6) and (p) , the
Mathcad application assumes that the difference between
frequencies corresponding to 0.5 to 2 wavelengths is the
bandwidth for the Beverage antenna. The application also
computes relative phase velocity per (4.3), but the user is
cautioned that the frequencies of interest must satisfy (4.2).
The Beverage antenna transmits or receives vertically
polarized waves. In the case of reception, the question might
arise as to how a wire lying parallel to the ground can receive a
vertically polarized signal. For higher frequency operations
that utilize sky wave propagation, the tilt of the incoming wave
provides a horizontal component of the vertically polarized
electric field (E) with respect to the ground and the antenna.
It is the horizontal component of the wave that is parallel to
21
the antenna which generates the emf on the wire.
For lower frequencies (i.e., < 300 Khz), the physics of a
Beverage antenna is much more complex. In lower frequency
applications, the ground wave is the principle propagation path.
In this situation there is negligible tilt to the wave as a
result of propagation path geometry. However, as the vertically
polarized wave travels over an imperfect conductor the electric
field closest to ground begins to develop a forward tilt as
pictured in Figure 4.3. As in the case of the higher frequency
applications, the tilted electric field of the low frequency wave
has a horizontal component parallel to the antenna which induces
an emf on the wire.
Originally, use of the Beverage antenna was restricted to
low frequencies propagating over very poor ground. The Beverage
antenna is now often used in an attempt to reduce noise
interference in high frequency operations over excellent ground.
The higher frequency skywave propagation path provides the
necessary tilt to receive vertically polarized signals, but the
near perfect ground does tilt vertically polarized ground waves
from nearby noise sources. Thus, the high frequency Beverage






FIGURE 4.3 E Field Over an Imperfect Ground
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Development of the electric field pattern of a Beverage
antenna begins with an understanding of the current on the
antenna. If one assumes low ohmic losses, matched termination,
and negligible attenuation along the wire, the phasor current
amplitude is constant and the phase velocity is that of free
space; hence [Ref 5: p. 240]:
I(z)=I e-jkz (A) (4.4)
In (4.4) the antenna is assumed to lie along the +z axis, (I ) is
current at the transmitter's terminals, and (k) is the free space
wavenumber given by:
k=ll_ (in -i) (4.5)
In (4.5), (X) is wavelength of the frequency (f) of interest.
Beverage antenna Mathcad applications assume (I ) is normalized
to one amp.
With the current defined by (4.4) the magnitude of the
Beverage antenna's electric field is obtained by [Ref 8: pp. 315-
316] :
30^J sin(6> sin (AT) , , (4 . 6)
I X
In (4.6), (r) is the distance from the antenna to the far-field
observation point, L is the length of the antenna, and (X) is
given by:
24
X=— (l-cos(B)) (radians) (4.7)
The electric field pattern given by (4.6) is rotated about
the +z axis to form the three-dimensional field pattern above the
ground plane. The pattern is only valid, however, in the far-
field. Therefore, all of the following conditions must be




Improvements to the accuracy of (4.6) can be made for far-
field radiation patterns if one accounts for the effects of real
ground. Through use of image theory and the fact that Beverage
antennas excite vertically polarized waves, the electric field
pattern equation is modified as follows [Ref 5: pp. 229-235]:
30icLJ sin(e) Bln(J0 -j^coscf -e) (4>11J
I ' X ' l v
In (4.11), (rv ) is the vertical reflection coefficient of
ground. Antenna height is typically less than one wavelength.
The vertical reflection coefficient is given by:
In (4.12), (e r .) is the relative complex permittivity of the
ground under the antenna and is calculated as follows:





,cos ( -^ -6) -* e
r
/-sins ( - -6)1 2 \ 2
e r/cos ( — -6) +a
2 \
{dimensionless) (4.12)
e ,-sin 2 (--6)
2
er/=e_-j =— {dimensionless) (4.13)1 r 2nfe
(a) is the conductivity of the ground.
The direction of maximum radiation of a Beverage antenna may
be determined from (4.11). However, it can also be estimated
guickly by the following empirical formula [Ref 5: p. 241]:
Wcos-Ml-^P) (radians) (4>14)
"X
With the magnitude of the vertically polarized electric
field given by (4.11), radiation intensity is computed as follows
[Ref 3 : pp. 28]
:
U=^^[\E\ 2 ] (w/ solid ang) (4.15)
2Tlo
In (4.15), (rj ) is the intrinsic impedance of free space.
The radiated power and directivity of a Beverage antenna are
determined by applying radiation intensity to standard antenna
formulas as follows [Ref 3: pp. 28-30]:
26
Prad= Tf Vsin(0)d6d4> (W) (4.16)Jo Jo
DQ =
4llUi max) (dimensionless) (4.17)
The characteristic impedance of a Beverage antenna can
be estimated by its dimensions and is generally resistive.
Characteristic impedance of a Beverage antenna over perfect
ground is given by [Ref 7: pp 19-21]:
h
d
Z =1381og(4^) (Q) (4.18)
In (4.18)
,
(d) is the diameter of the wire in the same units as
(h) . Caution must be exercised when using this value of
characteristic impedance since any sharp transition in the wire
(i.e., vertical downleads) or real ground effects can reduce the
accuracy of the calculation. Typical values for a Beverage
antenna's characteristic impedance are 200-300 ohms.
If the impedance (Z
x ) of the terminating load of a Beverage
antenna is known or can be estimated, reflection efficiency (e r )
can be determined from the voltage reflection coefficient (T) as
follows:




=l-|T| 2 (dimensionless) (4.20)
Other than reflection efficiency, accurate estimates of
27
other Beverage antenna losses cannot be determined by geometry
alone. Nevertheless, there are other sources of lost power.
Since a Beverage antenna is a relatively long antenna with a
matched termination, relatively little power is reflected by the
load. Instead, most of the power supplied by the transmitter
that is not radiated is absorbed by the load or lost as heat to
the ground.
Gain (G) is the product of antenna's directivity and
efficiencies. The Mathcad Beverage antenna applications express




Effective isotropic radiated power for the Beverage antenna
(EIRP) is the product of the power radiated by the antenna and
the directivity. (EIRP) is computed by [Ref 5: p. 62]:
EIRP=PiadD (W) (4.22)
Electromagnetic waves incident upon a Beverage antenna are
normally assumed to be vertically polarized. If the incoming
wave is not vertically polarized, a polarization mismatch
occurs with the antenna and losses result. Polarization losses





In (4.23), (a a ) and (aw ) are the unit polarization vectors of the
antenna and wave, respectively.
Maximum effective aperture (Aem ) is estimated from
28
directivity, (PLF) , and reflection efficiency as follows [Ref 3:
pp. 51-63]:
A em=[PLF] [ez (-^)DQ ] (m 2 ) (4.24)
The maximum effective height (h em ) of a Beverage antenna can
be determined using the results of (4.24) as follows [Ref 5: p.
42] :
h=2 t RrAem , s (4.25)






The conductor diameter must be much less than the length of
the Beverage antenna to avoid unwanted radiation from vertical
sections. For the purpose of Beverage antenna Mathcad
applications, the following is assumed for proper antenna
operations:
d<.L if d<.01L (/77) (4.27)
Table 4.2 and Figure 4.4 compare measured data to that
calculated by the Mathcad applications for a Beverage antenna
(L=110.4 meters and h=1.23 meters) operating over dry soil
(a=.003 S/m and e
r
=12) at 18 MHz. Table 4.3 compares measured
and calculated data for a Beverage antenna with L=110.4 meters
and h=1.13 meters operating over wet soil (a=.01 S/m and e r=17)
29
at 5 MHz [Ref 9: pp. 22-26].
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FIGURE 4.4 Beverage Antenna Electric Field Patterns
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V. THE LOOP ANTENNA
A loop antenna is a coil of one or more turns. It is
commonly used as a receiving antenna for operations in the lower
frequency regions. The loop antenna is also used for direction
finding and UHF transmissions [Ref 10: p. 6-1]. Loop antennas
may have an air core or ferrite core. They may also be
electrically large or small. For the purpose of the Mathcad
applications, a loop antenna is considered electrically small if
its radius (a) satisfies the following [Ref 3: p. 181]:
a<-±- (m) (5.1)
6 7T
In (5.1), (A) is wavelength. The geometry of both large and
small loop antennas is illustrated in Figure 5.1.
32
FIGURE 5.1 Loop Antenna Geometry
33
The radius of the conductor is (b) in Figure 5.1. For all loop
antenna Mathcad applications the center of the loop is the origin
and the antenna's axis is aligned parallel to the +z axis. When
Mathcad applications examine the performance of a loop over a
ground plane, the coordinate system is rotated with the antenna
as necessary to obtain the desired geometry (i.e., the axis of a
vertical loop is parallel to the ground and the +z axis)
.
A. THE ELECTRICALLY SMALL LOOP
Electrically small loops are normally used for low freguency
reception or direction finding. Small loops are poor
transmitters due to small radiation resistance (R
r ) and low
conduction-dielectric efficiency (e cd ). Transmitter performance
can be improved with increased perimeter, adding additional
turns, or insertion of a ferrite core [Ref 3: p. 164],
Two key assumptions are made in the analysis of a small
loop. First, it is assumed that current around the loop is
constant. This supposition allows the loop to be approximated by
an infinitesimal magnetic dipole centered at the origin and
parallel to the + z axis. Second, it is presumed that the various
resistances and reactances of the loop can be computed from
dimensional information and knowledge of the antenna's material
properties.
Given the above assumptions in free space, the electric
field (E) for a small loop in the far-field is determined by [Ref
3: pp. 168-169]:









frequency of interest, (r) is the distance from the origin to the
observation point in the far-field, (I ) is the antenna feed
current, (/x ) is the permeability of free space, and (k) is the




1] (5 * 4)
As is the case in all Mathcad applications, current in the
loop is normalized to one amp. Since electric field is not a
function of (0) , the field pattern is symmetric when rotated
about the antenna's axis.
It should be noted that (5.2) and (5.3) apply to all small
loops, regardless of shape. Thus, (5.2) and (5.3) can be used
for small square loops. However, it should also be noted that
loop antenna Mathcad applications assume a circular loop is being
analyzed and calculate cross-sectional area based on the radius
provided by the user. In order to use the applications with
rectangular loops or loops of an odd shape, the user must compute
an equivalent radius (a) that will yield the correct area.
An observation point for any loop antenna is assumed to be






In (5.5)-(5.7), (D) is the largest dimension of the loop. The
largest dimension of the loop is assumed to be the diameter.
For small loops in free space, radiated power (Prad ) is
estimated as follows:
Pra^o(^) (^) 4 |JJ 2 (W) (5.8)
In (5.8), (r) ) is the intrinsic impedance of free space.
The directivity (D ) of a small loop in free space is 1.5
and, ignoring polarization any mismatches, the maximum effective
aperture (Aem ) of a lossless loop is written as [Ref 3: p. 175]:
The ohmic resistance of any loop antenna (Rohmic ) , including
multiple turn antennas, is estimated by the following [Ref 3:
pp. 171-172]
:
In (5.10), (N) is the number of turns, (Rs ) is the surface
impedance of the conductor, (R
p )
is the ohmic resistance due to
proximity effect, and (R ) is the ohmic skin effect resistance
per unit length. If the conductivity (a
c ) of the conductor is






Given the spacing between turns (q) has been measured, the
ratio of (R
p )







Number Adjacent to Line = N





The radiation resistance of a small loop in free space is
determined using the circumference of the loop (C) as follows
[Ref 3: pp. 170-171]
:
R =207T 2 (-f ) 4N2 (CI) (5.12)
When the radiation and ohmic resistance of any antenna
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has been calculated, the conduction-dielectric efficiency of the
antenna is determined by:
ecd= (dimemsionless) (5.13)Rohmic+Ri
From (5.10) and (5.12) it can be seen that ohmic resistance
is directly proportional to the number of turns while radiation
resistance is proportional to the square of the number of turns.
Thus, as shown in (5.13) conduction-dielectric efficiency can be
improved by increasing the number of turns in a loop antenna. It
can also be seen in (5.10) and (5.12) that increasing the radius
of the loop improves conduction-dielectric efficiency.
Additional improvements to conduction-dielectric efficiency
may be made by inserting a ferrite core in the loop antenna. If
a core is added, (5.12) is modified as follows:
r =20ti 2 (-£ ) 4 (— ) 2N2 (Q) (5.14)
Effective permeability of the ferrite core (n e ) in (5.14) is
computed by:
» e = n n —( 7T {H/m) (5 ' 15)
In (5.15), (/if ) is the actual permeability of the core material
and (Ddemag ) is an experimentally derived demagnetization factor.
Demagnetization factor as a function of the ratio of core length





























FIGURE 5.3 Demagnetization Factor
Any antenna parameter that requires use of permeability in
its formula must be approximated in the Mathcad applications by
replacing (jli ) with (/x e ) [Ref 11: pp. 86-89].
When, a loop antenna is actually employed, it is not in free
space and real ground must be considered. Although real ground
does not change the components of electric field given by (5.2),
it does modify (E^) in (5.3). Since the orientation of the loop
with respect to ground determines the polarization of the loop's
electromagnetic wave, alignment of the antenna must be known
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before electric field can be correctly computed. In order to
keep the loop antenna Mathcad applications moderately simple,
only horizontal and vertical loops are considered.
Although modeled by an infinitesimal vertical magnetic
dipole, a small horizontal loop (i.e., +z axis perpendicular to
ground) has horizontally polarized electromagnetic waves. The














In (5.16), the relative complex permittivity (e r .) of the ground
is calculated using the relative permittivity (e
r ) and
conductivity (a) of the ground by:
e r /=e -j
—
^-r— (dimensionless) (5.17)
In (5.17), (e ) is the relative permittivity of free space.
The total electric field of a small horizontal loop over
ground is the sum of the direct path signal and ground reflected
signal. One can use image theory to estimate the contribution to
the far-field pattern by ground reflections. The total electric
field expression for a small horizontal loop positioned a
distance (h) above the ground is:







.Jh _re -j2khcos(6) ] {v/rn) (5.18)
™hoi Or n
Note in (5.18) that the image antenna is a vertical infinitesimal
magnetic dipole. Thus, the contribution of the image is
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subtracted from the contribution of the actual antenna. The
Mathcad loop antenna applications ignore the minor contribution
of the surface wave to the electric field.
The total electric field of a vertical loop over real ground
can be determined in a manner similar to (5.18), but the vertical
reflection coefficient (Tv ) must be used for the image antenna's
contribution to the far-field pattern. The equation for vertical
reflection coefficient is [Ref 5: pp. 231-232]:
e r /cos ( — -0) -a
r
2 \
er /cos( — -6)
e
r




e /-sin 2 (--6)
\ r 2
For a vertically mounted small loop, the image antenna's
contribution is added to that of the actual antenna. Thus, total




.jkr[1+T j2khcos(Q)] {v/m) (5#20)
It should be noted by application users that (5.20) applies to
loops located in a coordinate system that has been rotated with
the axis of the loop such that the +z axis is parallel to the
loop axis and the ground.
If the electric field of a small loop antenna over real
ground is known, several parameters can be computed using general
antenna formulas. Far-field equations for radiation intensity
(U) , radiated power, directivity, and radiation resistance are as
follows:
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U=^-\E\ 2 (W/ solid ang) (5.21)
2Tlo
Prad={( Usin(Q)dQd<b (W) (5.22)




In (5.22), (£7) is a half sphere that encloses a loop over ground
in the far-field. In (5.23), (Umax ) is the maximum radiation
intensity anywhere on the half sphere as determined by applying
(5.22) .
A unique feature of small loop antennas is that most
efficiency terms associated with it can be calculated from the
loop's measurements. One of the reasons for this attribute is
the fact that input reactance (XJ can be reasonably estimated
from [Ref 5: pp. 102-103]:
*,=2nfau n [ln(8-) -1.75] (Q) (5.25)O
ft
Input impedance (ZJ for the small loop is found using the
formula:
Zi =Ri+jXi (Q) (5.26)
In (5.26), input resistance (RJ is the sum of radiation and
ohmic resistance and is written as:
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Ri=Rr+Rohmic (0) ( 5 - 27 )
If the characteristic impedance of the antenna's feed line
is known or can be presumed, the voltage reflection coefficient
(T) and reflection efficiency (e
r ) are determined by:
r= r ° (dimensionless) (5.28)
G
r =l-|r| 2 (dimensionless) (5.29)
As previously discussed, the polarization of a small loop
matches the orientation of the loop (i.e., a horizontal loop is
horizontally polarized) . Thus, if the polarization of an
incoming wave is known or can be estimated, one can use the dot
product of the unit polarization vector of a small loop antenna
(a a ) and the unit polarization vector of an incoming wave (aw ) to






With the efficiency and loss terms of the small loop
estimated by (5.13), (5.29), and (5.30); gain (G) , maximum
effective aperture (Aem ) , and effective isotropic radiated power





Aem=eze cdpo ( PLF) ( |1 ) (/n 2 ) (5.32)
EIRP=PiadD (W) (5.33)
Maximum effective height (hem ) can be determined from the
maximum effective aperture and radiation resistance of the
antenna as follows [Ref 2: p. 42]:
h
en>
=2, *A. {m) (5.34)
N ^
Mathcad applications are developed assuming bandwidth (BW)
of an antenna is the range of frequencies over which all
computations will be valid. For the small loop antenna Mathcad
applications to be valid, (5.1) must hold. Thus, the radius of
the loop will define lowest operating frequency (fmin ) , the
highest operating frequency (fmax ), and the bandwidth of the
antenna as shown below:
fmin^0 (Hz) (5.35)
f
™*Th {Hz) (5 * 36)
BW=fmx-fnin (HZ) (5.37)
The electric field patterns and antenna parameters obtained
using the small loop Mathcad applications for a small loop in
free space are identical to published results obtained using
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method of moments techniques [Ref 3: pp. 169-180]. A comparison
of the results of the Mathcad applications with measured data for
a small loop (a=.25 meters, b=.005 meters) located 2.5 meters
above a reflecting plane (cr=6xl0 7 S/m, e r=l) receiving a 30 MHz
signal is provided in Table 5.1 [Ref 6: p. 5-14].







DIRECTIVITY 7.0 dB 6.5 dB
B. THE ELECTRICALLY LARGE LOOP
Electrically large loops are those loops that do not satisfy
(5.1). Use of these antennas is somewhat rare, with radii
exceeding one wavelength normally not practical. Large loops
are, in general, significantly more difficult to analyze than
small loops since large loops cannot be approximated by
infinitesimal magnetic dipoles. In addition, the input reactance
of a large loop antenna cannot be calculated from the loop's
geometry.
The polarization of a large horizontal loop over real ground
is horizontal, but the polarization of a large vertical loop is
not vertical. Due to the complexities of computing the
polarization and ground reflection coefficients of a large
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vertical loop, the Mathcad large loop antenna applications will
only examine the free space and horizontal cases.
To begin analysis of the far-field radiation pattern of a
large loop in free space, one must assume that the current on the
loop is constant. As illustrated in Figure 5.4, this is an
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FIGURE 5.4 Current Magnitude Distribution for a Large Loop
If one assumes that loop current is constant, (5.2) applies
to large loop antennas. The other component of electric field
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(kasin(0)) is a Bessel function of the first kind of
order one. With the horizontal reflection coefficient of the
ground computed per (5.16), total electric field of the large
horizontal loop over real ground is given by:
Eh0r=^^^ e-^J.ikasinm ) {539)
* [l-The^2khcos{e) ] (V/m)
Radiated power for a large loop in free space is computed
using (5.22), where radiation intensity is given by (5.21) and
electric field is computed by (5.38). It should be noted that
the far-field conditions of (5.5) -(5.7) must be satisfied if the
Mathcad large loop antenna electric field and radiated power
calculations are to be valid.
Large loop, free space approximations for radiation
resistance, directivity, maximum effective aperture, and maximum




R i =60k 2 (-^)N2 (CI) (5.40)A
D =.682(-^) (dimensionless) (5.41)
A
Aem=.0543UO (/?? 2 ) (5.42)
gmax =
<2icfa|l )' ! |j | 2 (|584) 2 (F// so2id ang) (5.43)
8Tlo
For the horizontal loop over real ground, radiation
intensity is given by (5.21), where the electric field is
computed in (5.39). With radiation intensity known, radiated
power is calculated by (5.22) and effective isotropic radiated
power is computed using (5.33). Radiation resistance and
directivity for the horizontal loop are determined using generic





= ^ (CI) (5.44)
o\
47t[7 „
D max (dimensionlesss) (5.45)Oprz&d
Ohmic resistance for the large loop antenna is given by
(5.8). With radiation resistance given by (5.40) or (5.44), as
applicable, the conduction-dielectric efficiency of the antenna
is computed using (5.13).
Without knowledge of the input reactance, it is impossible
to compute reflection efficiency of a large loop antenna.
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Therefore, Mathcad applications for large loops assume a factor
of unity for reflection efficiency and calculate gain as follows:
G=ecdDQ (dimensionless) (5.46)
In general, the polarization loss factor given in (5.30)
cannot be determined for an arbitrary large loop. Thus, (PLF)
for large loops is assumed to be unity and maximum effective
aperture is given by:
With maximum effective aperture determined for a large loop
using (5.47), maximum effective height is found by applying
(5.34) .
The bandwidth of a large loop is determined by the loop's
radius as follows:






Figure 5.5 compares the electric field pattern obtained from
the Mathcad applications for a large loop (a=.46 meters, b=.05
meters) in free space receiving a 330 MHz signal with published
results obtained from method of moments techniques [Ref 3: p.
180]. Table 5.2 compares antenna parameters calculated using the
Mathcad applications with measured results for a large loop
49
(a=.46 meters, b=.05 meters) located .72 meters above a
reflecting ground plane (a=6xl0 7 S/m, e
r
=l) receiving a 104 MHz
signal [Ref 6: p. 5-14].







INPUT RESISTANCE 150 n 207 n
DIRECTIVITY 7.0 dB 6.7 dB
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FIGURE 5.5 Large Loop Antenna Electric Field Patterns
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VI. THE BEDSPRING ANTENNA
The vertical directivity (D ) of a horizontal dipole over
real ground may be improved by placing identical elements in a
straight line above the original. A vertical line of horizontal
dipoles is commonly referred to as a bay. In a similar manner,
one may place additional bays adjacent to the original and
achieve an improvement in horizontal directivity. Further
improvements to the gain (G) of this array of bays may be
realized by placing a reflector on one side to simulate the
existence of a conducting plane. The entire arrangement of bays
and reflector is referred to as either a bedspring or a curtain
antenna. A bedspring array is freguently used for high frequency
(3-30 MHz) short wave radio systems [Ref 10: pp. 21-1 - 21-6]. A





FIGURE 6.1 A Typical Bedspring Antenna
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To implement the Mathcad software for the bedspring antenna
applications, the following dimensions are needed:
Z L = height of the i th element above ground
Z 1 - Z i . 1 = vertical spacing between the i th and the (i-l) th
element
Y 1 = horizontal position (dipole center) of the
i th bay (Y = 0)
Yi - Y L . X = horizontal spacing between the i th and the (i-l) th
bay
N = number of bays




1 = half-length of each element









FIGURE 6.2 Bedspring Antenna Geometry
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In Figure 6.2
, (ty) is the angle between the +y axis and the
vector (r) from the origin to the observation point in the far-
field. Bedspring antenna Mathcad applications assume that all
antenna elements are identical horizontal dipoles parallel to
each other and the y axis. The applications also presume that
the reflector is a perfect vertical conducting plane, parallel to
the y-z plane, and located in the -x half-space.
The assumption that the reflector is a perfect conducting
plane is fairly reasonable, as experimental data has shown that
the reflector typically improves gain by 2.5 to 3.0 dB. The
reflector screen may be constructed from tuned elements, such as
half-wave dipoles, or it may consist of a pattern of closely
spaced, parallel wires. The reflector is normally located about
one-quarter wavelength behind the antenna [Ref 10: p. 21-6].
The electric field (E) pattern for the bedspring antenna is
computed using the principle of pattern multiplication for
antenna arrays. Using the identity cos (\|j) =sin(0) cos (0) , one may
predict the electric field components of a single bay. If all
elements in the bay are excited by a sinusoidal current with
maximum amplitude (I m ) , the electric field components are [Ref
12: pp. 229-231]:
E6l =-j60Im^^ [cos {klsln (6) sin^ }
~cos ikl) ] sin (4>) cos (6) [A]1




Ejk =j60I ±^j [cos (klsin (6) sin (4» ) -cos (kl) ] CQS (^ ) [fi]** m r [l-sin2 (6)sin2 (4))] (6.2)
(V/in)
Given the wavelength (A) of the frequency of interest, the
wavenumber (k) in (6.1) and (6.2) is given by:
*=ir
(/77l) (6 * 3)
The complex coefficients (A) and (B) in (6.1) and (6.2),
respectively, are computed as follows:




o \~>M /-, „2kZj (cos (6) -cos(6J ) r - J „ _ -j2kZiCos (6)
( dimensi onl ess)
The relative amplitude of excitation (CJ of the i th dipole with
respect to the first element in the first bay is required for
both (6.4) and (6.5). Equations (6.4) and (6.5) also use (0 O ) to
represent the desired vertical scan angle of the antenna. The
vertical scan angle is approximately equal to the progressive
phase shift from one element to the next in the bay. In (6.4),
(Rv) is the vertical reflection coefficient over real ground. In
(6.5), (Rh ) is the horizontal reflection coefficient over real




















/er /-sin(0) 2 (dimensionless) (6.7)
COS (0) +^£^.'-510 (0) 2
The relative complex permittivity (e r .) of the ground needed
to determine both reflection coefficients is calculated using the
relative permittivity (e
r ) of the ground, the conductivity of the
ground (a), and the permittivity of free space (e ) as follows:
e r/=e r -j
—
^-r— (dimensionless) (6.8)1 z 2nfe
The electric field components of (6.1) and (6.2) apply only
in the far-field. Thus, all of the following conditions must
hold if the computed electric fields are to be valid [Ref 3: pp.
92-93]
:
r> 1.6 X (m) (6.9)
r>5D (/7?) (6.10)
In (6.10) and (6.11), (D) is the largest physical dimension in
any direction of the antenna and is equal to the bedspring's
diagonal length.
If one assumes that the amplitude and phase of the feed
current in corresponding elements in each bay is the same, the
array factor (Sy ) for N bays is written as [Ref 12: pp. 229-231]:
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5y=£L e jky»-*sinie) tsin(4»-sin(* )] ( di/ne/2sio^iess ) (6 .i2)
In (6.12), (<p ) is the azimuthal scan angle of the antenna. The
azimuthal scan angle is approximately equal to the progressive
phase shift between bays in the bedspring antenna.
The array factor accounting for the perfect image from the
reflector (S x ) is:
Sx=1 _e-^isin(6 > cosW (dimensionless) (6.13)
The total electric field components (E et , E^.J are computed
by taking the product of all appropriate array factors and the
pattern for a single bay as follows:
EQz =EeiSySx (V/m) (6.14)
£^=25^5^ (V/m) (6.15)
The radiation intensity (U) of the bedspring antenna is
determined from (E et ) and (E^J by [Ref 3: pp. 27-29]:
U=-£- [|£et | 2 +|£^ t | 2 ] (W/solid ang) (6.16)
In (6.16), (r) Q ) is the intrinsic impedance of free space.
Using the radiation intensity calculated in (6.16), one may
calculate radiated power (Prad ) by computing the following
integral over the quarter sphere (fi) through which
electromagnetic energy from the antenna flows:
Prad
=ff Usin(e)dBd$ (W) (6.17)
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Mathcad bedspring antenna applications assume that each
element is excited by a feed current with the same maximum
amplitude. Although this assumption may seem restrictive, it has
been experimentally determined that maximum gain is obtained from
a bedspring antenna if all radiator currents are of egual
amplitude. Therefore, the following approximation for antenna
feed current (I D ) holds [Ref 10: p. 21-17]:
\l \=M-N-\lm \ (amps) (6.18)
It should be noted that the bedspring antenna applications
normalize all element excitation currents to one amp.
Given the magnitude of the feed current for the entire
antenna, radiation resistance (R
r ) for the complete assembly is
determined as follows:
^"T^TT < Q > (6.19)
Directivity is computed from radiation intensity and
radiated power by:
A-ttTJ
Do = ss* (dimensionless) (6.20)
In (6.20), (Umax ) is the maximum value of radiation intensity
anywhere on the quarter sphere encompassing the antenna's
emissions
.
Gain is the product of total antenna efficiency (e t ) and





Unfortunately, the total efficiency of a bedspring antenna
cannot be easily determined from its dimensions. For example,
input impedance is a key parameter needed to calculate an
antenna's reflection efficiency. However, input impedance has
several components that are extremely difficult to determine.
Self impedance of each element, mutual impedance between real
elements in the array, mutual impedance between real elements and
image elements from the reflector, and mutual impedance between
real elements and imperfect images in the ground plane all
contribute to input impedance. Because of the complexity of
computations, input impedance of the bedspring antenna can only
be estimated by an extensive method of moments algorithm.
Other problems computing antenna efficiency include the
possible existence of tuning devices in the feed lines; probable
lack of sinusoidal current distributions for elements of
arbitrary length; and inability to properly model the ground,
reflector screen, and characteristic impedance of the feed
assembly. Nevertheless, bedspring antenna gain can be adequately
estimated despite the extensive calculations associated with
precise modeling. Experience has shown that a properly tuned
bedspring antenna operating within the band of expected
frequencies exhibits very little loss. Consequently, gain is
estimated in Mathcad bedspring applications as [Ref 10: p. 21-3]:
G=10log(Do ) -2 (dB) (6.22)
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Effective Isotropic Radiated Power (EIRP) is the product of
radiated power and directivity and is computed by [Ref 5: p. 62]:
EIRP=PIadD (W) (6.23)
The bedspring antenna's unit polarization vector (a a ) may be
found by converting the electric field components of (6.14) and
(6.15) to Cartesian coordinates as follows [Ref 4: pp. 35-36,
364-367]
:
Ex=Eecos(Q)cos($) -E^sinify) (V/m) (6.24)











(x, v, z) = —Z—
*
—




In (6.27), (ax y J are the unit vectors for the Cartesian
coordinate system.
The polarization loss factor (PLF) of a bedspring antenna at
a point in the far-field for a given incoming wave with unit




Without knowledge of antenna efficiencies, one cannot
exactly predict an antenna's maximum effective aperture (A em ) or
maximum effective height (hem ) . Nonetheless, one may assume a
lossless antenna system and approximate these parameters as
follows [Ref 2: pp. 29-43]:
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A
eir=D (PLF) <-£i) (m
2
) (6.29)
A.n-2. ££»! (m) (6.30)
For a half-wave dipole assembly, such as that pictured in
Figure 6.1, a complex current that achieves maximum gain is fed
to each element only within a few percent of the frequency (f A/2 )
whose wavelength matches the length of the half-wavelength
dipoles. Therefore, the bandwidth (BW) of a Figure 6.1 type
bedspring antenna is [Ref 10: p. 21-16]:
fhigb=1.02fx/2 (Hz) (6.31)
^iou=-58f, /2 (Hz) (6.32)
BW=fhigh-fJow (HZ) (6.33)
In (6.31), (f high) is the upper frequency of the antenna. In
(6.32), (f low ) is the lower bound on operating frequency.
If wideband operations are required for a bedspring antenna,







FIGURE 6.3 Symmetrical Feed Bedspring Antenna
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The bandwidth for a symmetrical feed bedspring antenna is
given by [Ref 10: p. 21-16]:
£high =1.5£x/2 (Hz) (6.34)
flow=.98fx/2 (Hz) (6.35)
BW=fhigh -flow (Hz) (6.36)
Figure 6.4 compares the electric field pattern computed by
the bedspring antenna Mathcad applications with measured results
for a two-bay (Yi=26 meters) , four-stack (Z x=13 meters) bedspring
antenna with reflector (X
x
=7 meters) operating at 10 MHz over
soil (o=.01 S/m, e r=10) [Ref 12: p. 115].
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FIGURE 6.4 Bedspring Antenna Electric Field Patterns
66
VII. THE SPIRAL ANTENNA
Spiral antennas are a family of two- and three-dimensional
structures that maintain a constant input impedance, beam
pattern, gain, and polarization as well as many other parameters
over a wide range of freguencies. Spiral antennas are commonly
referred to as freguency independent, or broadband, devices. A
two-dimensional spiral is called a planar spiral, while a three-
dimensional spiral is usually termed a conical spiral. Planar
and conical spiral antennas are commonly used in applications
such as direction finding, missile guidance, and satellite
tracking. [Ref 6: pp. 14-2 - 14-3]
Although there are several types of planar and conical
spiral antennas, Mathcad applications will fully analyze only
those antennas with reasonably simple, closed form eguations:
eguiangular planar spirals and conical log-spirals. Mathcad
applications assume that the base of all spirals lies in the x-y
plane and is centered at the origin, that the axis of all spirals
is parallel to the z axis, and that the spirals are in free
space.
A. THE PLANAR SPIRAL ANTENNAS
There are three major categories of planar spiral antennas:
the eguiangular spiral, the Archimedean spiral, and the log-
periodic spiral. The geometry of all planar spirals is pictured
in Figure 7.1.
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FIGURE 7.1 Planar Spiral Geometry
In Figure 7.1, the spiral angle (B) is the angle between any
radial line from the origin and a tangent to any edge of the
spiral, (r) is the distance to any point on the spiral from the
origin, and (r ) is the distance from the origin to the spiral's
feed point. The Mathcad spiral antenna application user should
not confuse the radial distance from the origin to any point on
the spiral (r) and the distance from the origin to an observation
point in the far-field (r ff ) .
Spiral antennas may be constructed from wires or sheets of
metal. For low power, receive only operations, spirals may also
be built using printed circuit technology. A more rugged, all-
purpose antenna is constructed by simply cutting the spiral edges
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from a sheet of metal and running coaxial feed lines along the
spiral arms. A dummy feed line may also be run on an opposing
arm for symmetry [Ref 6: pp. 14-4 - 14-7].
The physical dimensions of the spiral arms determine the
type of spiral antenna and the antenna's parameters. An
eguiangular spiral is one whose edges or wires satisfy the
following [Ref 5: p. 283]:
i=z e a* (m) (7.1)
In (7.1), (a) is an arbitrary constant called the flare rate. If
the flare rate is a negative number, the spiral is considered
left-handed. If the flare rate is positive, the spiral is right-
handed.
When sheet metal is used to construct an equiangular spiral,
(7.1) defines the coordinates of one edge of one spiral arm. The
next edge (r 2 ) is cut using the same spiral curve as (7.1), but
with an angular arm width (6) as follows:
r 2 = r e
a{ *- b) (m) (7.2)
Spiral antennas are usually symmetrical. Thus, for a two arm
spiral, edges (r3 ) and (rj are given by:
r 3 =r e
a, *-n) (m) (7.3)
(7 A)





Normally, flare rate is converted to a factor called
expansion ratio (e ex ) which is written as [Ref 5: p. 284]:
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e =
r(<t> + 2rc) (dimensionless) (7.5)
r(<|>)
A typical value for the expansion ratio is 4
.
The Archimedean spiral has many of the same characteristics
as the equiangular spiral, except that any point on the edge of
an Archimedean spiral is written as:
r=r <$> tin) (7.6)
Likewise, the performance of a log-periodic spiral is
similar to an equiangular spiral except that its edges are
defined by:
r=r a* tin) (7.7)
For a log-periodic spiral it can be shown that the following
formula is always satisfied [Ref 2: pp. 697-698]:
4> = tan(P)ln(r) (radians) (7.8)
In (7.8), the spiral angle (B) is the same as that illustrated in
Figure 7 . 1 and is constant at any point on the log-periodic
structure. Because of their broadband characteristics and ease
of construction, log-periodic spirals are regularly used in the
lower millimeter wave region [Ref 12: p. 17-28].
The lowest operating frequency (f low ) , highest operating
frequency (fhlgh ), and bandwidth (BW) of spirals are functions of
the antenna's dimensions and the feed arrangement. For
equiangular and Archimedean devices, the minimum radius (r ) and
wavelength of the highest operating frequency are approximately
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^p {rn) (7 * 9)
The wavelength (X low ) corresponding to the lowest operating




With the antenna's upper and lower frequency limits
established, bandwidth may be expressed as:
BW=fhigh-flow (HZ) (7.11)
The frequency limits and bandwidth of a log-periodic spiral
are also determined by its dimensions. Bandwidth of a log
periodic spiral is given by (7.11), where the lower frequency
limit corresponds to the wavelength computed using (7.10) and the
upper frequency's wavelength is calculated as follows [Ref 2: p.
700] :
hl±£» ( m) (7.12)
° 20
A spiral antenna is frequency independent in that most
antenna parameters do not vary over the bandwidth of the antenna,
which can be a considerable range of frequencies. Input
impedance is one of these parameters and may be computed using
the concept of complimentary antennas. The complement of a
spiral is formed by replacing metal with air and air with metal.
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The impedances of the spiral and its complement are (Zmetal ) and
(Z air ) , respectively. These two impedances are real, frequency
independent, and for a two-arm spiral related as follows [Ref 5
p. 283]:
Z ,^•4 <q 2 > <7 - i3)metaj. hj.z
In (7.13), (?7 ) is the intrinsic impedance of free space. If the
antenna and its complement are identical, the antenna is called
self-complimentary and the angular arm width in (7.2) is tt/2. In
the specific case of a two-arm, self-complimentary spiral, the
impedance of the antenna is:
S«e.j-2.ir=-Y=188.5 (Q) (7.14)
Self-complimentary spirals are fairly common because they
yield desirable radiation patterns. Measured input impedance is
typically between 120-160 ohms for these devices, which is lower
than the theoretical results of (7.14). The presence of a feed
structure, the finite size of the antenna, and the finite
thickness associated with the spiral's arms are the reasons
measured input impedance is lower than its theoretical value [Ref
5: pp. 285-286] .
Mathcad spiral antenna applications assume that planar
spirals are equiangular and self-complimentary. The applications
also assume that input impedance for a two-arm spiral is given by
(7.14) .
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An (N) arm, rotationally symmetric spiral has (N-l)
independent radiation modes, where each mode corresponds to a
different radiation pattern. Typically, an (N) arm spiral
operating in mode (M) excites each arm with a current of
identical magnitude. The phase difference (a) with respect to
the first arm for arm (n) of an (N) arm spiral excited in mode
(M) is given by [Ref 6: p. 14-4]:
-2nnM {radians) (7.15)N
Most of the radiation from a spiral occurs at the point
where the spiral's circumference (C) equals the product of the
mode and wavelength of the frequency of interest. As frequency
and wavelength change, the principal radiation point on the
antenna changes but the radiation parameters and beam patterns do
not. The shifting radiation point along the structure is why
spirals are broadband antennas. In addition, as long as the
spiral is sufficiently large to radiate all desired frequencies,
the shape of the spiral arm termination does not effect the
antenna's radiation pattern [Ref 6: pp. 14-4 - 14-7].
All modes of a planar spiral whose center is at the origin
in the x-y plane have a null along the z axis, unless mode one is
being excited. A planar spiral radiates in both positive and
negative z half spaces with magnitude patterns that are
rotationally symmetric.
The electric field of a self-complimentary, planar spiral at
an observation point in the far-field is given by [Ref 14: p.
73
530] :
EQ=Er = (V/m) (7.16)











In (7.16) and (7.17), (E ) is a source strength constant and (k)
is the wavenumber given by:
k=~£- (m- 1 ) (7.18)
A
Rearranging (7.17), the amplitude of the electric field (A^)
becomes
:
ft — tarT : (acos(6) )
cos(6) [tan(-^)]"e a (n ...2 / / « ( 7 . 19
)
V — W/77)
sin (6) v/l+a 2 [cos (6) ] 2
The Mathcad application user should note the phase variation
as a function of azimuth in (7.17). This phase variation can
result in azimuthal beam shaping if multiple spirals are used in
an array [Ref 15: p. 18]. However, for a single spiral there is
no change in electric field magnitude with azimuth and the
pattern is considered rotationally symmetric.
The electric field computed using (7.17) or (7.19) applies
only in the far-field. Therefore, the following conditions must
all hold if the far-field patterns are to be accurate [Ref 3: p.
92] :
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r ff>l.eX (m) (7.20)
r ffzlOR (m) (7.21)
8Rr
X
r ffz-2£- (m) (7.22)
With the spiral's electric field given by (7.16) and
(7.17), the antenna's radiation intensity (U) , radiated power
(Praci ) , and directivity (D ) are found using generic antenna
formulas as follows [Ref 3: pp. 28-29]:
U= -IL\EJ2 s _L_u
J
2 (W/solid ana) (7.23)
2ti 2ti
Prad=ff Us in id) dddty (W) (7.24)
AnU
D max (dimensionless) (7.25)
Piaa
In (7.24), (n) is the entire sphere of radius (r ff ) in the far-
field that surrounds the spiral. In (7.25), (Umav ) is the maximum
radiation intensity anywhere on the sphere.
The gain (G) of a spiral is the product of its directivity
and efficiencies. Conduction-dielectric efficiency (e cd ) of a
spiral cannot be easily determined and is, therefore, assumed by
the Mathcad applications to be unity. Reflection efficiency
(e rv ) , however, can be approximated. The impedance of a two arm,
self-complimentary spiral is given by (7.14). In the general
case of an (N) arm, self-complimentary spiral in free space
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operating in mode (M) , the input impedance is real and is given
by [Ref 6: p. 14-22]
:
Z .=N ^ (Q)
,„ „ x2
. . M, (7.26
sin (ti —
If the characteristic impedance (Z ) of the feed line is known or
can be estimated, the voltage reflection coefficient (T)
,
reflection efficiency, and gain are computed by:
Z ~Zr
T=—-—- (dimensionless) (7.27)
e rv=l-|r| 2 (dimensionless) (7.28)
G=e zvDQ (dimensionless) (7.29)
The planar spiral radiates in both directions normal to its
surface. Improvements to antenna gain can be realized if the
radiation in the undesired direction is reflected or eliminated.
A common technique used to achieve an improvement in gain is to
place a cylindrical metal cavity on the side of the spiral that
has the unwanted beam pattern. The cavity can improve gain by up
to 4.5 dB but can also reduce bandwidth by up to a factor of 5.
The loss of bandwidth can be mitigated by filling the cavity with
electromagnetic energy absorbing material. The absorbing
material will reduce gain for spiral with a cavity by up to 1.5
dB depending on thickness of the material and dimensions of the
cavity. Although Mathcad applications do not include cavity
parameters, the effect of cavities on antenna gain can be
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estimated using measured results from an archimedean cavity-
backed spiral. The change of overall gain with cavity depth and
maximum gain with cavity diameter are pictured in Figures 7.2 and
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FIGURE 7.2 Effect of Cavity Depth on Gain
Effective isotropic radiated power (EIRP) is the product of
gain (dimensionless) and power delivered to the input of the
antenna. Effective isotropic radiated power for a planar spiral
is given by:
EIRP=PradD (W) (7.30)
If the magnitude of the current (I ) at the antenna's feed
is known, its radiation resistance (R





The spiral antenna Mathcad application user should note that the
magnitude of the transmitter current cannot be estimated from the
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antenna's dimensions and is normalized to unity.
The polarization of a planar spiral whose center is the
origin is circular within 70° of the z axis. The handedness of
the spiral's polarization is the same as the spiral if measured
in the +z half-space and if the spiral is excited at the central
feed point. If the polarization is measured in the -z half-space
or if the spiral is fed at its peripheral termination, the
handedness of polarization is opposite that of the spiral. Dual
polarization is achieved when the structure is simultaneously
excited at both the center and periphery [Ref 6: p. 14-20].
Mathcad applications assume that a planar spiral's unit
polarization vector (a
a ) is circular, although the user may
modify this according to observed feed structures. If the
incoming wave unit polarization vector (a K ) can be determined,
the polarization loss factor (PLF) of the antenna is calculated
as [Ref 3: p. 51]
:
PLF=\a w-o'a \ 2 (dimensionless) (7.32)
With all efficiency and loss terms computed, the antenna's
maximum effective aperture (Aem ) and maximum effective height
(h em ) are estimated as follows [Ref 3: p. 63]:
Aem=ervD (PLF) (Ji) (/T? 2 ) (7.33)
h^pd- {m) (7.34)
err,
Figure 7.4 illustrates the difference between the electric
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field pattern computed by the spiral antenna Mathcad applications
and measured results for an equiangular spiral antenna (a=.3,
<5=90°, r
c
=.005 meters, R=.142 meters) operating at 2 . 8 GHz over a
conducting plane [Ref 16: p. 185].
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FIGURE 7.4 Equiangular Spiral Electric Field Patterns
B. THE CONICAL SPIRAL ANTENNA
The planar spiral antenna offers many features which make it
a very popular device. However, the fact that it radiates in a
direction normal to both of its surfaces is a major drawback.
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Although cylindrical cavities placed on one side of the spiral
can reduce the effects of unwanted radiation, a modification to
the basic planar structure can accomplish the same result without
additional apparatus. If the planar spiral is altered into a
conical shape, many of the desirable features of the planar
spiral are maintained, but radiation occurs primarily in
direction of the cone's tip.
Any point on the i th edge of a log-conical spiral antenna
may be defined by [Ref 5: p. 286]:
^i=^oe
U*inB H*-»i> (/n) (7.35)
In (7.35), (6.) is the angular offset of the i th edge, (0 C ) is the
conical half-angle, and (b) is an arbitrary constant given by:
£>=cot(P) {dimensionless) (7.36)
The geometry of a log-spiral is illustrated in Figure 7.5.
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FIGURE 7.5 Conical Log-Spiral Geometry
In Figure 7.5, (B) is the overall diameter or twice the overall
radius (R) and (d) is twice the feed radius (r ) .
Analogous to the planar spiral, the upper operating
frequency (fhigh ) of a conical log-spiral is determined by the
relationship between the wavelength (A,high ) of the upper frequency
and the spacing (d) between feed points as follows [Ref 5: p.
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287] :
d=h±sH (m ) (7.37)
The lower operating frequency (f iOK ) of the conical spiral is
determined by the correlation between the lower frequency's




The bandwidth of the conical log-spiral is computed using
(7.11) .
The conical log-spiral radiates a single lobe in the
direction of its apex. The pattern broadens with increasing
spiral angle (B) and lowering cone angle (28 ) until
irregularities occur and multiple beams begin to form. Figure
7.6 provides a rapid reference for the boundary between usable
and unusable cone and spiral angles. [Ref 13: pp. 9-84 - 9-85]
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FIGURE 7.6 Conical Log-Spiral Useable Dimensions
The far-field electric field components of a conical log-










P BiDdi (V/m) (7.41)
In (7.40) and (7.41), the slowness factor of the antenna (Q) and
the total arm length of a spiral arm (L) are constants defined
by:
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Q= K 1+— {diwensionless) (7.42)
N b 2
L^l£[ e (^ )bsiri{^ ] -1] (w) (7.43)b
In (7.43), (0L ) is the azimuth at the end of the spiral arm and
is:
R
1 sin(0 o ) (7.44)
<l>r=-r— =
—rs"^ ln( — ) (radians)
The coefficients A(£) and B(£) of equations (7.40) and (7.41),
respectively, are expressed as:
sin(e o)cos(0)C(O . (7 ' 45)
•[ —







if s-^ sin < eo)cos( (|»(0-*-ia)
-J7sin(6 )
*( —)C(£) (diwensionless)
In (7.45) and (7.46), (a) and C(£) are given by:
2 71
a = -^— (dimensionless) (7.47)
C(0 = (l^-^-)e^^^ , i(l--4FT ) ,, ._.jbsm(0
o )
jbsm(6 ) (7.48)
* e -ji4U)-*+i*) diwensionless
The ( + ) sign in (7.48) is for C($) used in calculating (E 6 ) ,
while the (-) sign is for (E^) computations.
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Azimuth angle as a function of distance along the spiral arm
(0(£)) in (7.45), (7.46), and (7.48) is calculated using:
4>(S> = u •
1
, a v ln(-^-H) (radians) (7.49)jbsin(0
o )
r
The current distribution (I(£)) used in (7.40) and (7.41) is
that of the excitation current along the spiral arm. This
current distribution can only be calculated using intricate
numerical modeling or a method of moments solution. An
examination of measured current distribution yields the following
engineering approximation of (l(£)) given a current at the feed
point of (I ) :
I(Z,)=I e~~I (Amps) (7.50)
Figure 7.7 provides a comparison of the current distribution
computed by the conical log-spiral Mathcad applications using
(7.50) to that measured for a four arm conical log-spiral
(0 O=1O°, 6=20 c , b=.46) operating in mode one. The application
user should note that most of the radiation from the conical log-
spiral occurs at the location on the device where arm length (L)
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FIGURE 7.7 Conical Log-Spiral Current Distributions
Mathcad spiral antenna application users should note the
precise evaluation of the integrals in (7.40) and (7.41) is very
time consuming, even on a 33 MHz, 386 personal computer. Thus,
the application user is provided a trapezoidal approximation to
evaluate the conical log-spiral antenna integrals. Also, both
the exact and trapezoidal applications only analyze electric
fields and other parameters in the +z half- plane.
In the trapezoidal approximation, the integral is replaced
by a summation and (d£) is replaced by:
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d£«- (m) (V.51)
In (7.51), (t) is an operator entered number of spiral arm
increments. The application user should expect the Mathcad
evaluation of a conical log-spiral using the trapezoidal method
to take about 2 5% of the time required for exact method
predictions.
Conical log-spiral electric field calculations are valid
only if the conditions of (7.20) through (7.22) are satisfied.
Mathcad applications assume that overall radius is the largest
dimension of the conical log-spiral.
Radiation intensity of the conical log-spiral antenna is
determined by [Ref 3: p. 28]:
[/=£££_ [\eq \
2 + \e^\ 2 ] (W/ solid ang) (7.52)
The radiated power and directivity of the conical log-spiral
are given by (7.24) and (7.25). Users of the Mathcad spiral
antenna application should be aware that computer solution of
these formulas may be very time consuming. However, one may
reasonably consider most conical log-spiral antennas in the
useable region of Figure 7.6 to have a total electric field that
is rotationally symmetric with respect to the antenna's axis.
Given this fact, an approximation of directivity may be made. An
estimate of half-power beamwidth (A6) in degrees as a function of
spiral and cone angles is provided in Figure 7.8 below.
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FIGURE 7.8 Conical Log-Spiral Half_Power Beamwidths
The half-power beamwidth from Figure 7.8 is used to estimate




It is impossible to accurately determine the conduction-
dielectric efficiency of a conical log-spiral antenna based
solely on measured geometry of the antenna. Hence, the Mathcad
conical log-spiral applications assume all conduction dielectric
efficiency is unity. The input impedance (ZJ of a conical log-












Input I r-n ped n c e 0^ a Conical Log — Spiral
i !
\ \ \ 30' Deg
N, \.^*?' De 9
nST
I
Cone Angle — 15 TP-eg^^
7/
^\\
O 50 1 OO 1 SO 200
A.n c. _j 1 r ArrT, Width in Degrees
FIGURE 7.9 Input Impedance of a Conical Log-Spiral
Using the input impedance from Figure 7.9 and an estimate of the
characteristic impedance of the feed assembly, the Mathcad
conical log-spiral antenna application user may compute voltage
reflection coefficient, reflection efficiency, gain, and
effective isotropic radiated power using (7.27), (7.28), (7.29),
and (7.30), respectively.
If the polarization unit vector (aw ) of an incoming wave is
known, precise determination of polarization loss at a point in
the far-field may be desired. To accomplish this, Mathcad
applications convert electric field components of (7.40) and
(7.41) to Cartesian coordinates at a user defined point (x,y,z)
and compute the antenna's unit polarization vector (a
a ) as
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follows [Ref 4: pp. 35-36, 364-367]:
£ =£ecos (6) sin(4>) -E4sin (<t>) (V/m)
Ey=Eecos (8) sin (4)) +^cos (<|>) ( V/m)
£2 = -£;esin(8) (V/m)
aj£ +3JZ +a E
o
a








The conical log-spiral antenna's polarization loss factor is
calculated using (7.32). Using the polarization loss factor,
maximum effective aperture (A
e:J and maximum effective height
(h em ) for a conical log-spiral are given by:






Figure 7.10 and Table 7.1 compare measured data to that
calculated by the Mathcad applications for a two arm, mode one
conical log-spiral (b=.053, 6 o=10°, a=73°, d=.03 meters, B=.30
meters, 6=90°) operating at 350 MHz [Ref 18: p. 332].
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FIGURE 7.10 Conical Log-Spiral Electric Field Pattern
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VIII. THE CONICAL HORN ANTENNA
The conical horn antenna is a device that provides a
transition for an electromagnetic wave from a circular waveguide
to an unbounded medium such that the wavefront phase at the
horn's aperture is nearly constant [Ref 2: pp. 644-645]. As a
result of its axial symmetry, the conical horn's radiation
pattern is strictly a function of the cone's geometry for a given
mode of excitation [Ref 10: p. 10-3]. The conical horn is widely
employed as a feed element for reflector assemblies used in
satellite tracking, microwave communications, and radar. The



















FIGURE 8.1 Conical Horn Geometry
In Figure 8.1, (a) is the inner radius of the circular waveguide,
flare angle (a) is the included angle of the horn, (d) is the
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diameter of the mouth of the horn, and the axial height (h) is
the distance from the origin to the center of the mouth of the
horn.
A circular waveguide will only propagate a transverse
electric (TE) or transverse magnetic (TM) mode of an
electromagnetic wave if the freguency of the wave is above a
minimum value for the mode called the cutoff freguency (f
c ) . The
propagating mode with the lowest cutoff freguency is called the
dominant mode. For circular waveguides the (TEn ) mode is the
dominant mode [Ref 4: p. 570]. Mathcad conical horn antenna
applications assume that the waveguide is excited only in the
dominant (TEn ) mode. Also, the applications do not compute
bandwidth for conical horn antennas. Rather, the software
computes cutoff freguencies for selected modes such that the user
can determine if the waveguide will support propagation of a
specific mode.
Each mode's cutoff freguency is a function of the circular
waveguide's inner radius. For transverse electric waves, the
cutoff freguency of an air filled circular waveguide is given by
[Ref 19: pp. 472-473]
:
^cK.n=—^-= &z) (8.1)
In (8.1), (n ) is the permeability of free space, (e ) is
permittivity of free space, and (x'mr.) i s the nth zero of the
derivative with respect to the argument of the Bessel function of
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the first kind, order m. (x'mn) may be obtained from Table 8.1
TABLE 8.1 Zeroes of the Bessel Function Derivative
X mn m=0 m=l m=2 m=3 m=4
n=l 3.8318 1.8412 3.0542 4.2012 5.3175
n=2 7.0156 5.3315 6.7062 8.0153 9.2824
n=3 10.1735 8.5363 9.9695 11.3459 12.6819
n=4 13.3237 11.7060 13.1704 14.5859 15.9641
The cutoff frequency of transverse magnetic waves in an air
filled circular waveguide is written as [Ref 19: pp. 478-479]:







In (8.2), (XmrJ i- s tne nth zero of the Bessel function of the
first kind, order m. (XmiJ may be obtained from Table 8.2.
TABLE 8.2 Zeros of the Bessel Function
Amn m=0 m=l m=2 m=3 m=4
n=l 2.4049 3.8318 5.1357 6.3802 7.5884
n=2 5.5201 7. 1056 8.4173 9.7610 11.0647
n=3 8.6537 10. 1735 11.6199 13.0152 14.3726
n=4 11.7915 13. 3237 14 .7960 16.2235 17.6160
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A conical horn is said to be optimum if the diameter of the
mouth of the horn satisfies the following [Ref 10: p. 10-9]:
d=-Xsin( — ) (m) (8.3)
To allow for comparison between the antenna being evaluated and
an optimum horn, the conical horn Mathcad applications calculate
optimum (d) for a user provided frequency of interest and horn
flare angle.
The electric field calculations of the conical horn Mathcad
applications use the magnetic field integral equation solution
for aperture antennas. This is similar to the combined field
integral equation solution first postulated by Schorr and Beck
for conical horns in 1950 [Ref 20: p. 795]. The application user
can expect a large amount of computer processing time will be
necessary to analyze a conical horn and that this time will grow
with the square of the number of increments (i) into which the
far-field is divided.
In order to compute the magnetic vector potential (A) of the
aperture field of a conical horn, several preliminary functions
and related constants must first be defined. These include
associated Legendre functions of the first kind of order (v)
[P„ (m) cos (6) ] , spherical Hankel functions of the second kind of
order (v) [hj 2) (kr) ] , and the derivative with respect to (kr) of
the spherical Hankel functions [h'„ C2) fkr) ] . The arguments of the
spherical Hankel functions are (r) , the distance from the origin
to an observation point in the far-field, and the wavenumber (k)
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for a wavelength (X) corresponding to a frequency of interest.
Wavenumber is given by:
k=M (w- 1 ) (8.4)
The order (v) of the Legendre and Hankel functions may be






log [cos ( — ) ]
v = - . 5 + . 5./l+4i:v (dimensionless) (8.6)
The associated Legendre function of the first kind with m=l
may be estimated using the gamma function (T(z)) for angles less
than (7T/3) as follows [Ref 22: pp. 336]:
Pv
(li (cos(6))= r(v * 2 > U ^sin(6)3cos((v + . 5)6 + 4) r« 7^r(v+l . 5) \ 2 4 (8.7)
( dimensi onl ess)
The value of the spherical Hankel function and its
derivative with respect to its argument in the far-field may be
estimated by [Ref 17 p. 796]:
<7\ 1 -j(ki- (v ! 1) n) , c QN





" 2 * [i-j (v+1) ] (dimensionless) ( 8 -9)
Jcr Tcr
The components of the magnetic vector potential are given by
97
[Ref 20: p. 798]
:
a __n f 2 f * ~jkhcos (P)
*
"Jo Jo
* [sin (60' )PV (cos(0 o ) )cos 2 (<t>' )cos(6' )
+
6cos(69') (cos (e } } gin2 (<J)1 j sin2 (e , } ]
sin (0 ' ) °
* c?6 ' c?4> ' ( Mb/m)
* [sin (66' )Pv (cos(6 ) ) cos (<t> ' ) sin (<J> ' )cos(0' )













cos (4)') sin (0' ) ] dQ ' c?4>
( Wb/m)
The integrals in (8.10) through (8.12) are performed over the
aperture of the horn, thus the primed components in these
integrals indicate source coordinates. The terms cos(B), (£),
and (BH ) in the magnetic vector potential integrals are given by
cos ((3) =cos (0)cos (8' ) +sin(8) sin(8' ) cos ((t>-4>' ) (8.13)




- jkr [\h- 2) (kh) +kh, 2) ' (kh)] (Wb/m) (8.15)
j(2Ti) z fe r h
In (8.15), (BJ is an amplitude scaling constant. The magnetic
vector potential integrals contained in (8.10) through
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(8.12) include approximations of the associated Legendre function
and its first derivative with respect to cos(0') as follows [Ref
20: p. 798]:
Pv
(1) cos (6' ) ~sin(60' ) Pv(1) cos ( — ) (dimensionless) (8.16)
Pt
(1),C08(6')- dC?8 |y.' ) P1>(1) COB(-|) (Q 17 ,sm(0') 2 8. /)
(dimensionless)
Far-field electric field components are approximated by
converting the magnetic vector potential components to spherical




=Axcos (0) cos (<t>) +Aycos (0) sin(<|>) -A zsin(Q) (Wb/m) (8.18)
^ = -Axsin(4>) +Aycos (<J>) (Wb/m) (8.19)
EQ =k
2A^ (V/m) (8.20)
E^=k 2A^ (V/m) (8.21)
For the electric field components of (8.20) and (8.21) to be
valid, the observation point (r) must be in the far-field.
Therefore, assuming the diameter of the mouth of the horn is the
largest dimension of the cone, all of the following formulas must





When investigating the parameters of a conical horn antenna
with the magnetic field integral equation, it must be presumed
that no electric field exists behind the mouth of the horn.
Thus, radiation intensity (U)
,
radiated power (Prad ) , and
directivity (D ) of the conical horn antenna are calculated by
applying generic antenna formulas as follows:






~* Us in (Q)ded<b (W) (8.26)
J Q JO
4 it £7
D max (dimensionless) (8.27)
p
In (8.25), (T7 ) is the intrinsic impedance of free space and in
(8.26), (Umax ) is the maximum radiation intensity from the
antenna. For a conical horn, it may be reasonably assumed that




In order to lower the computer processing time of the
conical horn Mathcad applications, the user may choose a file
that uses a trapezoidal approximation of the integrals in (8.10)
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through (8.12) and (8.26). The user may also vary the number of
trapezoidal increments (tl, t2 , t3) to vary the extent of this
approximation and to adjust computation time.
The ohmic losses of conical horns and their associated
circular waveguides are very difficult to precisely determine,
but are normally very small. Likewise, reflection efficiency of
a conical horn cannot be easily found using analytical
techniques, but when measured for horns with moderate flare
angles and high directivity it is usually close to unity. The
conical horn antenna Mathcad applications approximate the product
of ohmic and reflection efficiencies as 0.95 and compute antenna
gain (G) and effective isotropic radiated power (EIRP) by [Ref
10: p. 10-9]
:
G=.9 5D (dimensionless) (8.28)
EIRP=PxadD (W) (8.29)
The unit polarization vector (a
a ) in Cartesian coordinates
of a conical horn's wave may be computed at any point in the far-
field as follows [Ref 4: pp. 35-40, 364-367]:





cos(Q) sin (4>) +E
i>
cos(<$>) (V/m) (8.31)
E. = -Easin{Q) (V/m) (8.32)
a E + a £ +a E
o










If an incoming wave's unit polarization vector (aw ) is known
or can be estimated, the polarization loss factor (PLF) of the




,-o*| 2 (dimensionless) (8.34)
The maximum effective aperture of a conical horn may be
determined as follows [Ref 3: p. 63]:
A=.95D (PLF) (-£1) (m 2 ) (8.35)em o 4 ^
The actual value of current (I D ) applied to the input of a
conical horn cannot be determined by dimensional information
alone. Thus, exact calculation of radiation resistance (Rr ) is
impossible. However, if input current is normalized to one amp,
normalized radiation resistance and maximum effective height
(h
erL ) may be written as [Ref 2: p. 42]:





A conical horn is a member of a group of devices known as
aperture antennas. A term frequently used to analyze the
performance of aperture antennas is aperture efficiency (e ap ).
Aperture efficiency is the ratio of maximum effective aperture to







Aperture efficiency of a conical horn is typically about 50%.
Table 8.3 and Figure 8.2 compare measured data to that
calculated by the Mathcad applications for a conical horn (a=.045
meters, h=1.489 meters, d=1.0 meters, and a=20°) operating at
1.96 GHz [Ref 22: p. 100].
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FIGURE 8.2 Conical Horn E-Plane Electric Field Patterns
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IX. THE PYRAMIDAL HORN ANTENNA
The most popular member of the horn family of antennas is
the pyramidal horn. The pyramidal horn provides a transition
from a rectangular waveguide to free space and is flared both
horizontally and vertically. It possesses a radiation pattern
that is essentially the combination of that of the E- and H-plane
sectoral horns. If accurately constructed, the pyramidal horn
offers the ability to control beamwidth in both principal planes
with a gain (G) that closely matches theoretical predictions [Ref
10: p. 10-3]. The geometry of the pyramidal horn in the E-plane


















FIGURE 9.2 H-Plane Pyramidal Horn Geometry
In Figures 9.1 and 9.2, (a) and (b) are the dimensions of
the rectangular waveguide used to excite the horn, (a
x ) and (b x )
are the dimensions of the mouth of the horn, (ty erh ) are half the
flare angles in the indicated planes, (Pi, 2 ,e,h) are tne distances
from the imaginary apex of horn to the indicated points on the
perimeter of the mouth of the horn, and (peh ) are the distances
from the beginning of the horn's flare to the center of the mouth
of the horn along the indicated axis.
To physically construct a pyramidal horn, the parameters
(p e ) and (ph ) should be equal. These dimensions are calculated
as follows [Ref 3: p. 568]:
105
pe={bx -b) (£> 2 --i (») (9>1)
ph=(a1 -a] (£*)*-l (/n) (9.2)
N a i 4
The Mathcad pyramidal horn applications do not calculate a
bandwidth of operating frequencies. Rather, the applications
compute a matrix of transverse electric (TE) and transverse
magnetic (TM) cutoff frequencies (f
c ) based on the dimension of
the waveguide. The cutoff frequencies are the lowest frequencies
of a given mode which can propagate in the waveguide. Cutoff
frequency for transverse electric or transverse magnetic wave of
mode (m,n) in an air filled waveguide is given by [Ref 4: p.
549] :
if. 2/^ N a h
(iL')2 +( ^)2 {Hz) (9.3)
In (9.3), (fi ) is the permeability of free space, (e ) is the
permittivity of free space, and (m) and (n) are integers. For
transverse magnetic waves, (m) and (n) must be non-zero. For
transverse electric waves, either (m) or (n) may be zero, but not
both. The mode with the lowest cutoff frequency is called the
dominant mode. The (TE 10 ) mode is dominant in a rectangular
waveguide.
Assuming the electric fields behind the mouth of the horn
are zero and the physical dimensions of the horn are negligible
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in the far-field, one may express the electric field components
of a pyramidal horn in the +z half-plane as [Ref 3: pp. 565-578]:
E
s
=ikE°^r~ [sin( 4>) (l+cos(6) )I1 I-J (V/m) (9.4)
E,=jkE -
A
[cos ((J)) (l+cos(6)) IXI2 ] (V/m) (9.5)
In (9.4) and (9.5), (EJ is an electric field amplitude scale
factor set to unity by the Mathcad applications, (r) is the
distance from the origin to an observation point in the far-field
and (k) is the wavenumber corresponding to the wavelength (X) of
a frequency (f) of interest and is given by:
jc=i_E. (,71-1) (9.6)
The functions (IJ and (I2 ) in (9.4) and (9.5) are computed by:
/. 41 n -J>!-jp- -Ssin(6)cos(<J>)]










^e " Pl dl (dimensionless) (9.8)
2
The Mathcad application user should note that closed form
solutions of (9.4) and (9.5) exist but are very complex and
tedious. Thus, the applications use a numerical approximation of
these integrals to compute electric field components for the
horn.
The electric field components of (9.4) and (9.5) are
applicable only in the far-field of the horn. Therefore, the
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distance to the far-field observation point must satisfy all of




In (9.10) and (9.11), (D) is the distance between opposite
corners of the mouth of the horn.
The radiation intensity (U)
,
radiated power (Prad ) ,
directivity (D ) , and effective isotropic radiated power (EIRP)
of a pyramidal horn are calculated using generic antenna
equations as follows:
U=-^-[\EQ \ 2 *\E^\ 2 ] {W/ solid ang) (9.12)
prad=f{ Usin(6)dQd$ (w) (9-13)
4 ti jj
Do= — (dimensionless) (9-14)
?!ad
EIRP=PzadD (W) (9.15)
In (9.12), (?7 ) is the intrinsic impedance of free space, in
(9.13), (fi) is the hemisphere of radius (r) in the +z half-space,
and in (9.14), (Um£X ) is the maximum radiation intensity anywhere
on that hemisphere.
The efficiency of a pyramidal horn is difficult to predict
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based on measured geometry alone. However, the typical horn can
reasonably be assumed to be approximately 50% efficient. Thus,
Mathcad pyramidal horn applications compute gain as follows:
G=.5D (dimensionless) (9.16)
The unit polarization vector (a a ) of a pyramidal horn's
electromagnetic wave at a point in the far-field is determined
using the electric field components from (9.4) and (9.5). The
antenna's unit polarization vector in Cartesian coordinates is
computed by [Ref 4: pp. 34, 364-367]:
£x =£"8cos (6) cos (4>) -£^sin(<J>) (V/m) (9.17)




a E + a E +a E
o
a
(x,y , z) = x x—)—±—z—^ (dimensionless) (9.20)
y/\E(x,y,z)
|
If an incoming wave's unit polarization vector (aw ) is known
or can be estimated, the pyramidal horn's polarization loss




The maximum effective aperture (A em ) and aperture efficiency
(e ap ) of the pyramidal horn is written as [Ref 3: p. 63]:
A
en






The amplitude of the input current (I ) used to excite the
rectangular waveguide cannot be calculated based on dimensional
information alone. Thus, in order to compute radiation
resistance (R
r ) and maximum effective height (h em ) , a normalized
value of 1 amp is assumed to excite the waveguide. These
parameters are expressed as [Ref 2: p. 42]:
R=—
-^ (0) (9.24)
K^- ^ {m) (9-25)
The Mathcad pyramidal horn applications may also be used to
analyze E-plane and H-plane sectoral horns. The term (£ 2/ 2 P) in
the exponents of the integrals of (9.7) and (9.8) is a phase
error term that accounts for differences in phase between the
center and any point in the aperture of the horn. The sectoral
horns are evaluated by eliminating the phase error term in the
direction that is not flared. To accomplish this modification to
(9.7) and (9.8), the application user is directed to set (al)
egual to (a) for E-plane sectoral horn analysis and (bl) equal to
(b) for H-plane sectoral horn analysis. If the application user
makes these selections, (I 2 ) for the E-plane sectoral horn or
(I 2 ) for the H-plane sectoral horn is altered, respectively, as
110
follows [Ref 3: pp. 536, 552]:
A- -(-¥) [










Table 9.1, Figure 9.3, and Figure 9.4 compare measured data
to that calculated by the Mathcad applications for a pyramidal
horn (p!=.3398 meters p 2=.3198 meters, a :=.1846 meters, b 1=.1455
meters, a=. 02286 meters, b=. 01016 meters) operating at 9.3 GHz
[Ref 5: pp. 413-415]
.







DIRECTIVITY 21.3 dB 21.6 dB
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Comparison of Pyramidal Horn Electric Fields
\ /i\\— CatcuToted Electric Fielc
..-•'"'•. \ / 'V Me'asu red. '"El.ectric Field
^
: :*fcrprf
FIGURE 9.3 E-Plane Pyramidal Horn Electric Field Pattern
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FIGURE 9.4 H-Plane Pyramidal Horn Electric Field Pattern
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X. REMARKS AND CONCLUSIONS
The intent of this thesis and associated software was to
provide the Naval Maritime Intelligence Center (NAVMARINTCEN)
with a relatively simple, user friendly set of Mathcad
applications that would analyze various types of antennas based
solely on dimensional information and ground characteristics.
Although the software format achieves the goal of easy use, the
nature of the formulas applicable to many of the antennas
necessarily reduces the simplicity of the programs. Indeed, many
of the equations used in this research project are so complex
that they are not found in any existing textbook dealing with
antennas. Nevertheless, the Mathcad applications developed in
conjunction with this thesis allow the user to analyze several
antennas that cannot be studied with current electromagnetics
software packages such as ELNEC, NEC, or WIRE. And, in every
case, the Mathcad applications compute antenna parameters and
far-field radiation patterns that closely compare with measured
or predicted results.
The Mathcad applications are compatible with any personal
computer that supports Mathcad 3.1 for Windows. However, many of
the programs require a numerical solution of highly complicated
integral equations that are computationally intensive. Where
necessary to reduce processing time, the applications use
trapezoidal approximations as an alternative numerical procedure
to evaluate required integrals. Nevertheless, several programs
still require several days to complete calculations on a 33 MHz,
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386 personal computer.
As previously mentioned, several of the antennas included in
this project are not adequately reviewed by current texts. Thus,
equations from many professional journals and doctoral
dissertations are used for a number of the applications.
Unfortunately, many errors existed in these sources, and
resolution of these mistakes significantly slowed the progress of
our research.
The most disappointing aspect of the Mathcad application
software aside from the excessive length of time required to
analyze some types of antennas is the graphical presentation of
the far-field radiation patterns. Mathcad's limited graphics
flexibility, particularly in regards to three-dimensional and
spherical coordinate plots, precluded better presentation of
output data.
The equations and data of this antenna analysis package
could easily be transferred to another mathematics program, such
as MATLAB. Although a MATLAB program may not be as easy for a
new user to employ, it might offer advantages with respect to




When built to the proper specifications, the helical antenna possesses
many qualities which make it suitable for a wide variety of
communications applications. If the following conditions are satisfied
the helix will exhibit a highly directional axial main lobe, low side
lobe level, negligible mutual interference with adjacent antennas, low
voltage standing wave ratio (VSWR), and resistive input impedance over a
wide frequency band:
.8 < Cj < 1 . 15
n > 3
12 < a < 14
(Note: ). in a subscript indicates the dimension is in wavelengths.
Mathcad equations can not use symbolic subscripts. Therefore, the symbol
). will immediately follow the parameter in equations (i.e., O.) ).
The helical antenna Mathcad application will compute the following
parameters (Items with * indicate parameters that are calculated for
both axial and peripheral feed geometries)
:
C = circumference of helix
>. = wavelength
a = pitch angle
DQ = directivity
p = relative phase velocity
Eg j = Electric Field Components
H' - Array Factor Phase Shift
U = Radiation Intensity
Pracj = Radiated Power
P. = Antenna Input Resistance*
T = Voltage Reflection Coefficient*
z r
= Reflection Efficiency*
hem = Maximum Effective Height*
G = Gain*
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture*
AP = Axial Ratio
PLF = Polarization Loss Factor
BW = Bandwidth
^high ~ Upper Frequency Limit
^low = Lower Frequency Limit
Acceptable Conductor Diameter
Ex,y,z = Electric Field Cartesian Components
8p,(}>p = Unit Polarization Vector Coordinate Angles
oa
= Antenna Unit Polarization Vector
rmin = Minimum Distance to the Far-Field
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Diameter of Helix (Center to Center)
Spacing Between Turns (Center to Center)
Length Along Conductor of One Turn
Number of Turns
Diameter of Helical Conductor
Frequency of Interest
Desired Mode
= Antenna Feed Current
z = Antenna Unit Polarization Vector Cartesian Coordinates
Number of Increments in Degrees for Far Field Radiation Pattern
Characteristic Feed Impedance
= Incoming Wave Electric Field Unit Vector





D:=.1074 (meters L := .766 (meters
n-=10 Iturns f -=9.25 10° (Hz)
m (dimensionless) Z :=150 (Q)
S •= .0766 (meters i •= 360 (degrees)
d:=.005 (meters Io := 1 (A)





Calculate helical geometric parameters and define constants
c:=2.9979 10 (meters / sec) ti
fi
:= 120-Ti (Q)
C =n-D (meters X
'•-
- (meters / cycle)
f
C =0.33741 (meters Jl =0.3241 (meters / cycle)
C/. : =— (dimensionless) S/. : = — (dimensionless)
C/. = 1.04107 (dimensionless S/v =0.23635 (dimensionless)
a-'=atanf— I (radians)
La =— (dimensionless
a = 0.22324 (radians)
A - 18Gad a (degrees)
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ad = 12.7908 (degrees
Li. =2 36349 (dimensionless)
Calculate helical antenna parameters:
Define angular offset 6
from helical axis:
















rmin = 3.83 (meters
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Relative Phase Velocity p:
La
S/. + m + |—
l2-iv
j "i (dimensionless)
p = 1.83736 (dimensionless)
Array Factor Phase Shift \y_
»j'(6) =2-7i | Sacos(0) -|
P,











cos(e) (V / IT.)
EG 9) :=E(G) (V / m)




(W / solid angle)
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Do = 30.73917 (dimensionless) Do2 = 26.89463 (dimensionless)
Axial Ratio AR
:






Effective Isotropic Radiated Power EIRP:
EIRP '= Prad Do (W EIRP2 -=Prad-Do2 (W)
EIRP =0.0381 (W) EIRP2 =0.03333 (W)
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Op = 1.41421-10 * (radians) <J»p =0.7854 (radians)
Ex :=E9fep)cos(ep) cos(<(>p)- E«9p)-sin(*p) (V/m)
Ey := E6( 9p ) cos( 6p ) sin(. 4>p ) -»- E<j>^ Ojt ) cos( 4»p
)
(V/m)
Ez :=Ee(9p)-sin(9p) - 1 (V/m)
oa .=


























Axial Feed Peripheral Feed
Input Resistance R:
Ra:=14oJc/. (Q) Rp :=J-^i (Q)
Ra = 1.42846" 10
2 (Q) Rp = 1.47012 102 (Q)










fa =-0.02443 (dimensionless) Ip =-0.01006 (dimensionless
Reflection Efficiency c,
era := 1 - ( | Fa | ) (dimensionless: Q-p := ] _ ( |rp| ) (dimensionle
era = 0.9994 (dimensionless) op =0.9999 (dimensionless
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Gain G:
Ga := era Do (dimensionless ) Gp := erp Do (dimensionless;
Gadb :=101og(eraDo) (dB) Gpdb := lOlog(crpDo) (dB;
Ga =30.72082 (dimensionless) Gp =30.73606 (dimensionless)
Gadb = 14.87433 (dB; Gpdb = 14.87648 (dB)
Ga2 — era Do2 (dimensionless) Gp2—apDo2 (dimensionless)
Gadb2 := 10 log(era Do2) (dB; Gpdb2 : = 1 log( aj> Do2 )( dB
)
Ga2 =26.87858 (dimensionless) Gp2 =2689191 (dimensionless)
Gadb2 = 14.29406 (dB, Gpdb2 = 14.29622 (dB)








(m2 ) Aemp:=fEiJ52.PLF (m2 )
4-a




Era?. Do2 nTAema2 •= PLF
4 71
(m2 ) Aemp2 •= —
-
PLF ( m^ )
4 71
Aema2= 0.22467 (m^ Aemp2= 0.22478 (m2 )
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Maximum Effective Height hpm :erru.
hema =2 Rr
Aema (m)
hemp : 2 JRj
emp
(m)











(Hz) flow :=. (Hz
fhigh = 1.02179- 10 (Hz; flow =7.10809- 10 (Hz
BW = fhigh- flow (Hz
BW =3.10979 10* (H:
Acceptable Conductor Diameter
dmin := .005 /. (m) dma\:=.05/. (m)
dmin = 1.62049 \0 ' (m) dmax =0.0162 (m)
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HELICAL ANTENNA FAR-FIELD RADIATION PATTERN
For the purpose of this far-field radiation pattern, the helical antenna
axis is equivalent to the Ex = grid line. The pattern is essentially
symetric when rotated about the antenna's axis.






























-0.2 -0.15 -0.1 -0.05 "1.388 10
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The Beverage antenna is a single wire structure parallel to the ground.
It is terminated with a load matching the characteristic impedance of
the wire. Because there is little or no reflected energy from the
antenna's termination, the Beverage antenna does not develop a
significant standing wave. Therefore, it is known as a traveling wave
antenna. The Beverage antenna is also known as a slow wave antenna
since the relative phase velocity along the wire is usually less than
one
.
The Beverage antenna is used for a wide range of frequencies, depending
on its length and the characteristics of the ground under the antenna.
It transmits and receives vertically polarized electromagnetic waves
primarily through a cone shaped main beam pointing in the direction of
the traveling wave. In the far-field, the electric field pattern above
the ground can be considered rotationally symmetric with respect to the
axis of the antenna.
A Beverage antenna exhibits a highly directional main lcbe and resistive
input impedance for frequencies corresponding to the following lengths:
.5 < Lj < 2.0 (wavelengths)
(Note: ). in a subscript indicates the dimension is in wavelengths.
Mathcad equations can not use symbolic subscripts. Therefore, the symbol
/. will immediately follow the parameter in equations (i.e., LJ.) to
indicate the dimension is in wavelengths.)
The Beverage antenna Mathcad application will compute the following
parameters :
L- = Length of Antenna in Wavelengths
/. = Wavelength
DQ = Directivity
p = Relative Phase Velocity
E = Electric Field (No Ground Effects)
Et = Electric Field (Total Field Including Ground Effects)
U = Radiation Intensity
Praq = Radiated Power
Z Q = Antenna Characteristic Impedance
T = Voltage Reflection Coefficient
Tv = Vertical Reflection Coefficient (Ground Reflection)
erv = Reflection Efficiency
G = Gain
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture
PLF = Polarization Loss Factor
max = Angle of Maximum Radiation
BW = Bandwidth
fhiqh = Upper Frequency Limit
fj_ow = Lower Frequency Limit
Acceptable Conductor Diameter
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£r ' Ground Relative Complex Permittivity
(Note: The subscript ' will be annotated as p in the application)
"max Maximum Acceptable Conductor Diameter
rmm = Minimum Distance to Far-Field
R r = Radiation Resistance
X = Electric Field Function
The following data must be input based on known or estimated data:
h = Height of Antenna above ground
L = Length of Antenna
d = Diameter of Conductor
f = Frequency of Interest
l = Number of Increments in Degrees for Far Field Radiation Pattern
Zj_ = Load Impedance
= Incident Wave Electric Field Unit Vector
Incident Wave Arrival Angle
Ground Conductivity
Ground Relative Permittivity
= Distance of Field Calculations
























(radians f:=16 10° (Hz:
12 6
Calculate Beverage antenna geometric parameters and define constants






>. = 1.87369- 10 (meters / cycle)
ri := 1 20 7i (Q!
U :=i (dimensionless 1 9
e. := 10 (Farads / mi)
36ti
L/. = 106741 (dimensionless)
Calculate Eeverage antenna parameters:
Define angular offset
from Beverage antenna axis:
Minimum. Distance to Far-Field









Relative Phase Velocity p
rmin =max(r) (mj







Maximum length Lm ^ v :










Electric Field Function X




Electric Field Without Ground Effects E (0)
E(0)





Relative Complex Dielectric Coefficient i r i




crp = 2- 1.125- 10 j (dimensionless
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Vertical Reflection Coefficient fv:
rv(e)-=
erp cos|— - krp- sin — 6
(dimensionless
)
op COS] np- sm|
—
Electric Field With Ground Effects Et (6)
Et(6) .= E(6)-U- rv(6) e
-j -2-k-h cos(H) (V/m)











(W / solid angle)
Umax '=U(0max) (W / solid angle)
Umax = 19.17134 (W / solid angle)
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Radiated Power P ra(-j :










Polarization Loss Factor PLF:
IX 2
PLF U<T\v-oa|J (dimension! ess)




Z = 2.62626 lCr
(Q)
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Reflection Efficiency erw :
erv:=l-(|r|) (dimensionless)
erv =0.9255 (dimensionless)
Effective Isotropic Radiated Power EIRP:
EIRP:=PradD (W)
EIRP =2.40914 102 (W)
Gain G:
G:=ervD (dimensionless)
Gdb := 10 log ({tv D^ (dB)
G =6.82594
(dimensionless!
Gdb = 8.34162 (dB)
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Maximum Effective Aperture Aprn :
erv^D
Aem: = - PLF (m2 )
4 71
Aem = 1.90698 104 (m2 )
Radiation Resistance R r














flow = 1.40428- 10
8 (Hz)
BW:= fhigh- flow (Hz)
BW= 4.21285- 10 (Hz;
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Maximum Effective Height h p,m :
[RrAem
hem =2 J — (m)





BEVERAGE ANTENNA FAR-FIELD RADIATION PATTERN
For the purpose of this far-field radiation pattern, the Beverage
antenna axis is equivalent to the Ey = grid line (Note: Antenna height
above ground is negible in the far-field) . The pattern is essentially
symetric when rotated about the antenna's axis above the ground plane.





































-0.02 "0.008 0.004 0.016 0.028 0.04
Ex(6)
— E FIELD
0.052 0.064 0.076 0.088 0.1
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THE SMALL LOOP ANTENNA
MATHCAD SOFTWARE-SMLOOP.MCD
The small loop antenna is a coil of one or more turns whose radius
(a) satisfies the following:
a < X/6n (m)
where ().) is the wavelength of the frequency of interest. Small loops
are commonly used to receive signals in the lower frequency regions.
They are also used for direction finding and UHF transmissions. The
efficiency of a transmitting loop antenna is typically very low.
However, antenna efficiency can be improved by inserting a ferrite core
in the loop, increasing loop perimeter, or increasing the number of
turns
.
The small loop Mathcad applications will analyze three geometries: free
space, horizontal loop, and vertical loop. Each geometry will also
examine air and ferrite cores. Several antenna parameters, particularly
those for loops in free space, can be calculated using more than one
formula. Where this occurs, multiple results will be computed for
comparison. Computations which are identical for all geometries will not
be repeated. Computations with ferrite cores will use effective
permeability (jie )in lieu of free space permeability (\iQ ) .
(Note: X in a subscript indicates the dimension is in wavelengths.
Mathcad equations can not use symbolic subscripts. Therefore, the symbol
). will immediately follow the parameter in equations (i.e., LX) to
indicate the dimension is in wavelengths.)
The small loop antenna Mathcad application will compute the following
parameters
:





E = Electric Field (No Ground Effects)
E t = Electric Field (Total Field Including Ground Effects)
U = Radiation Intensity
Umax = Maximum Radiation Intensity
Pracj = Radiated Power
T = Voltage Reflection Coefficient
Tv = Vertical Reflection Coefficient (Ground Reflection)
1"^ = Horizontal Reflection Coefficient (Ground Reflection)
erv = Reflection Efficiency
G = Gain
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture
PLF = Polarization Loss Factor
Bandwidth
er i
= Ground Relative Complex Permittivity
(Note: The subscript ' will be annotated as p in the application)
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rmin = Minimum Distance to Far-Field
Rohmic = 0nmi c Resistance
Rr = Radiation Resistance
^s = Surface Impedance of Conductor
ecd = Conduction-Dielectric Efficiency
He = Effective Ferrite Core Permeability
X^ = Input Reactance
Z^ = Input Impedance
hem = Maximum Effective Height
CR = Core Length to Diameter Ratio
The following must be input based on known or estimated data:
h = Height of Antenna above ground
a = Radius of Antenna
b = Radius of Conductor
N = Number of Turns
oc
= Conductivity of Loop
Rp/R = RR = Ohmic Resistance from Proximity to Ohmic Skin Effect Ratio
Ddemag = Demagnetization Factor
Hf = Permeability of Ferrite Core
f = Frequency of Interest
i = Number of Increments in Degrees for Far-Field Radiation Pattern
ow = Incident Wave Electric Field Unit Vector
o = Ground Conductivity
£r
= Ground Relative Permittivity
rff = Distance of Field Calculations
I = Input Current at Antenna Terminals
q = Loop Spacing
cl = Core Length
cd = Core Diameter
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cw .=
Enter input data here:
'l\
nl /_,• , -<: m7 (mhos / m)(dimensionless) o- = 610
b := .01 (meters)
Ddemag := 4- 10"' (dimensionless
er = 1 (dimensionless;
i := 360 (degrees) rff:= 1 105 (meters)
h:=2.5 (meters) RR:=.15 (dimensionless)
oc := 5.8 10 (mhos / m) cl := 1 (meters)
q:=03 (meters) f := 3 107 (Hz)
—
—








3 , , . In := 1 (ampso
N:=6 (dimensionless) a:=15 (meters;
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c =2.9979 10 (meters / sec) % =120 7, (Q)
V.=
< (meters / cycle;
36-7i
(Farads / m)
X = 9.993 (meters / cycle) H :=4-ti ia
7 (H / m)
S:=7ia2 (m2 ) D:=2a (meters)
















Calculate small loop antenna parameters in free space (air core)
Define angular offset
from small loop axis:


















Electric Field Without Ground Effects E (0)
k-f-S-n -I -since)
E(6)- = — e (J '
2rff
(V/m)





(W / solid angle)
Umax ~ Ul- (W / solid angle]
Umax =9.30838 10-A (W / solid angle!
Radiated Power P r3fj:
Prad-= %f2 (ka/(|l |) (w:


















2 |— 1 N2 (fi)



























Xin :=2-7tf a nQ |ln|8 -I - 1.75 (Q)
Xin = 1.07924- 1(T
(Q)
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Input Resistance (R j )
:






Zi =0.71015 +1.07924 102 j (Q)





r = 0.64337 +0.75901J (dimensionless)
Reflection Efficiency e r^:
erv -= 1 _ ( I r| ) (dimensionless)
en.- =9.98876 lO""" (dimensionless)
Gain G:
G:=GrvocdDo (dimensionless)
Gdb := 101og(erv ecd Do) (dB)
G =0.01 186 (dimensionless)
Gdb =-19.25817 (dB)
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Aem = 11.91992 (m<
Aem2 := erv scd X Do
4u
(m2 )
Aem2 = 0.09427 (m2 )





Maximum Effective Height (h PTn ) :
hem := rAem 2 (m)
hem = 0.26667 (m)
hem2:= r Aem2 2 (m)
hem2 =0.02371 (m)




PLF := \\ow oa| ) (dimensionless)
Bandwidth = 1.06029 10 (Hz) PLF = 1 (dimensionless)
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SMALL LOOP ANTENNA FAR FIELD PATTERN IN FREE SPACE WITH AIR CORE
For the purpose of this far-field radiation pattern, the small loop
antenna axis is equivalent to the Ey = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Electric Field Without Ground Effects




























Calculate small loop antenna parameters in free space (ferrite core) :
Effective Permeability {^ ) :
jie-=. Hf
1 + Ddemag ([if- 1)
(Henrys/m)
fie= 5.04663- 10 (Henrys/m)






Radiation Intensity U( 8)
U(8):=— (|E(6)|) 2
2 Tln
(W / solid angle;
Umax :=U|-
12,
(W / solid angle;




























Surface Impedance of Conductor R ^:
Rs:JnHe (Q)
Rs= 0.09056 (Q)
Ohmic Resistance R nhmi c_L
N-a-Rs
Rohmic = (RR4-1) (Q)
Rohmic =9.37266 (Q)
Conduction-Dielectric Ef ficiency













XriUUL RCilSUdULC |I\, )li_l
Rin:=Rr+Rohmic (Q)




Zi =9.06812 106 +4.3342 10
5
j (Q)
Voltage Reflection Coef fecientj:
Zi-Z
T : = (dimensionless)
zuz
r = 0.99999 +5.2587 10
_7
j (dimensionless;
Reflection Efficiency c rw :
ETV := 1 - ( |r|
)
(dimensionless)
etv =2.20048* 10" 5 (dimensionless;
Gain G:
G:=o"vecdDo (dimensionless)
Gdb = lOlog(ervecdDo) (dB;
G = 3.30071 10~5 (dimensionless)
Gdb =-44.81392 (dB)







Aem =2.62295 10 4 (m2 )
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Effective Isotropic Radiated Power (EIRP)
EIRP:=PradDo (W)





Bandwidth = 1 .06029 10 (Hz)




hem = 5.02363 (m)
Polarization Loss Factor PLF:
|\ 2





SMALL LOOP ANTENNA FAR FIELD PATTERN IN FREE SPACE WITH FERRITE CORE
For the purpose of this far-field radiation pattern, the small loop
antenna axis is equivalent to the Ey = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Electric Field Without Ground Effects





























Calculate small horizontal loop antenna parameters over ground (air
core) :
Define angular offset 6
from small loop axis:
71 71 71 71
2 2 i"2
(radians)
4:=0,|— | .2 7t (radians)
Relative Complex Permittivity ( c r i )
:




erp =-3.6- 10' j (dimensionless
)





i- ftjerp-cos(0) Jerp sin(0)











cos[— I + Jcrp- sin —
(dimensionless
)






(.- rh(6)e j 2lchcos(9)} (V/m)
Elhorl
\ 2^ff /
-j -2 k h
cos(m i)l
1 - Fhl e
(V/m)
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Umax := ( |max(Ethorl )|
)
2 \ (W / solid angle)
Umax =3.7199 10
-?
(W / solid angle;














Polarization Loss Factor (PLF!
is 2
PLF — UowoalJ (dimensionless





Rr = 0.73177 (Q)
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Surface Impedance of Conductor R ^:
Rs = F** «»'
OC
Rs = 1.42898- 10
3
(Q)
Ohmic Resistance Rnhmir :
Rohmic := (RR-t-1) (Q)
Rohmic =0.1479 (Q)







Xin:=2 7ifau |ln|8-| - 1.75
(Q)








Zi: = Rirn-Xin j (Q)
Zi =0.87967 +1.07924- 102 j (Q)
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Effective Isotropic Radiated Power (EIRP)






Bandwidth = 1.06029- 10* (Hz)
Maximum Effective Height (iym ) :
/RrAem . . .




SMALL HORIZONTAL LOOP ANTENNA FAR FIELD PATTERN ABOVE GROUND WITH AIR
CORE
For the purpose of this far-field radiation pattern, the small loop
antenna axis is equivalent to the Ex = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Small Horizontal Loop with Air Core Electric
Over Real Ground



























s[—— - jap- sin —
(mm . rmji\
1 + jap- sinl
—
(dimensionless;
Total Electric Field (Ethor)
:
Ethor(G) =|
















1 - Fhl e
(V/m)
Radiation Intensity U( 6 ):
_«2
U(0): =— (|Ethor(6)|) :
2 \
(W / solid angle!
rfl
2
Umax : = ( |max(Ethorl )| ) 2
2 %
(W / solid angle)
Umax =5.9995 1(T (W / solid angle)
Radiated Power P rarj :
f2-n
Prad = |U(e)sin(6)|d6d4> (W)















Rr = 1.18021 10
7
(Q)










Rohmic = 9 37266 (G)





ecd = 1 (dimensionless









Rin " = Rr+ Rohmic (G)
Rin = 1.18021 10
7
(G)




r = 0.64261 +0.75809j (dimensionless)
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Reflection Efficiency crv :
















Aem =0.45168 (m2 )
Effective Isotropic Radiated Power (EIRP)
EIRP:=PradDo (W)





BW = 1.06029 108
(Hz)
(Hz)






(m) PLF :=yow• oa|y (dimensionless
)
hem = 2.37827- 1(T (m) PLF = 1 (dimensionless
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SMALL HORIZONTAL LOOP ANTENNA FAR FIELD PATTERN ABOVE GROUND WITH
FERRITE CORE
For the purpose of this far-field radiation pattern, the small loop
antenna axis is equivalent to the Ex = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Small Horizontal Loop with Ferrite Core
Electric Over Real Ground
















-0.064 -0.048 -0.032 -0.016
Ex(6)
— E FIELD
0.016 0.032 0.048 0.064 0.08
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Define angular offset








Relative Complex Permittivity ( e r i )
:




op =-3.6 10 j
(dimensionless
\













. In m 7t
,





Total Electric Field (Etvert;
/k S f n I sin(8) e" JM <
Etvert(0) := 2J (l +
\ 2rff /










UTvl e W (V/m)
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Radiation Intensity U( 8 ):
U(6):=— (|Etvert(0)|)2





(W / solid angle)
(W / solid angle)
(W / solid angle)
Radiated Power P rai-j :



















Rs = 1.42898- 10
!Q)
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Ohmic Resistance R hmj ci.
Rohmic '=
N a Rs (RR+ 1) (Q)
Rohmic =0.1479 (Q)









Xin:=2 7ifan [ln[8-| - 1.75
(Q)
Xin = 1.07924 10' (Q)
Input Resistance (R
-; ) :
Rin = Rr-f Rohmic (Q)
Rm =0.87966 (Q)






T = 0.64261 +0.75809j (dimensionless
]
Reflection Efficiency erw :











Maximum Effective Aperture (APTn ) :
.
ervecdX Do(PLF)Aem •= - -
4-ji
(m2 )
Aem =0.37609 (m2 )







Bandwidth = 1 .06029 10 (HZ)
Maximum Effective Height (h prn ) :


















SMALL VERTICAL LOOP ANTENNA FAR FIELD PATTERN ABOVE GROUND WITH AIR CORE
For the purpose of this far-field radiation pattern, the small loop
antenna axis is equivalent to the Ey = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
































-3.6 10~6-2.4 10~6-1.2 10 6 1.2 10~
6
2.4 10~6 3.6 10~
6





Calculate small vertical loop antenna parameters over ground (ferrite
core) :

























Total Electric Field (Etvert)
:
Etvert(G) •=





• 2 k • ,1C06(e,
) (V/m)
Etverl :=
. _ - . . (m n\
.j krfnkSf-nel -sinl— I e J
2-rff
• j -2-k-h-cos
1 + Tvl e
yi
(V/m)
Radiation Intensity U ( 6 ) :
U(6): =— (|Etverl(e)|) 2
2 \
(W / solid angle;
Umax : = ( |max(Etverl )|
)
2 \
(W / solid angle)
Umax =6.00502 10*
Radiated Power P ra H :
(W / solid angle)
Prad •= |U(8)sin(6)| d6d4)
(W)
















Rr= 1.18021 10 (G)














ecd = l (dimensionless)
Input Reactance (X
-j ) :






Rin := Rr-+ Rohmic












Reflection Efficiency erv :
erv.= l-(|r|) 2 (dimensionless)
o-v =0.01236 (dimensionless]
Gain G:
G: = erv ecd Do (dimensionless)














Aem =0.4521 (m2 )
Bandwidth = 1.06029- 10
8 (HZ)
Effective Isotropic Radiated Power
(EIRP) :
EIRP:=PradDo (W)
Maximum Effective Height (h p>m ) :
hem-= r Aem 2 (m)
EIRP =7.54613 103 (W)
hem = 2.37936- 102 (m)
Polarization Loss Factor (PLF)
:
oa : = (dimensionless)
|\2






PLF = 1 (dimensionless)
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CORE
For the purpose of this far-field radiation pattern, the small loop
antenna axis is equivalent to the Ey = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Small Vertical Loop with Ferrite Core
Electric Over Real Ground























A" H0.005 1.735 10 " 0.005
Ex(6)
0.01 0.015 0.02 0.025
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THE LARGE LOOP ANTENNA
MATHCAD SOFTWARE-LGL00P.MCD
The large loop antenna is a coil of one or more turns whose radius (a)
satisfies the following:
a > X/6n (m)
where (X) is the wavelength of the frequency of interest. Large loops
are not commonly used and are considered impractical if the radius
exceeds one wavelength. Like the small loop, the efficiency of a
transmitting large loop can be low. However, antenna efficiency can be
improved by inserting a ferrite core in the loop or increasing the
number of turns.
The large loop Mathcad applications will analyze two geometries: free
space and the horizontal loop. Each application for a specific geometry
will examine air and ferrite cores. Several antenna parameters,
particularly those for loops in free space, can be calculated using more
than one formula. Where this occurs, multiple results will be computed
for comparison. Computations which are identical for all geometries will
not be repeated. Computations with ferrite cores will use effective
permeability (ne )in lieu of free space permeability (\i ) .
(Note: X in a subscript indicates the dimension is in wavelengths.
Mathcad equations cannot use symbolic subscripts. Therefore, the symbols




The large loop antenna Mathcad application will compute the following
parameters
:





E = Electric Field (No Ground Effects)
E t = Electric Field (Total Field Including Ground Effects)
U = Radiation Intensity
Umax = Maximum Radiation Intensity
p rad = Radiated Power
Tv = Vertical Reflection Coefficient (Ground Reflection)
T^ = Horizontal Reflection Coefficient (Ground Reflection)
G = Gain
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture
Bandwidth
Er <
= Ground Relative Complex Permittivity
(Note: The subscript ' will be annotated as p in the application)
rmin = Minimum Distance to Far-Field
Rohmic = Ohmic Resistance
R r = Radiation Resistance
Rs = Surface Impedance of Conductor
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ecd = Conduction-Dielectric Efficiency
He
= Effective Ferrite Core Permeability
'em
= Maximum Effective Height
CR = Core Length to Diameter Ratio
The following data must be input based on known or estimated data:
h = Height of Antenna above ground
a = Radius of Antenna
b = Radius of Conductor
N = Number of Turns
oc = Conductivity of Loop
Rp/R = RR = Ohmic Resistance from Proximity to Ohmic Skin Effect Ratio
Ddemaq = Demagnetization Factor
(if = Permeability of Ferrite Core
f = Frequency of Interest
i = Number of Increments in Degrees for Far Field Radiation Pattern
o = Ground Conductivity
er
= Ground Relative Permittivity
rjf = Distance of Field Calculations
I = Input Current at Antenna Terminals
q = Loop Spacing
cl = Core Length
cd = Core Diameter
Z Q = Characteristic Impedance

























Ddemag '= 410* (dimensionless)
nf: = 4000-(4 7i 1
0"
"0 (Henrys /





I := 1 (amps)





Calculate large loop antenna geometric parameters and define constants:
c:=2.9979 10 (meters / sec) t^:=120-ji (Q)
C 9
X '-- (meters / cycle) e := 10"
f ° 36n
(Farads / m)
X =0.9196 (meters / cycle) n =4 n 10'
-7
(H / m)
S:=nV (m2 ) D:r2 a (meters)







Calculate large loop antenna parameters in free space (air core)
Define angular offset 6
from small loop axis:
Distance to Far-Field rmiru.
























k =6.83251 (m-1 )
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m =0..i (increments)




Radiation Intensity U ( 6 ) :
_«2




Umax :=ma\(Ul) (W/solid angle)
Umax = 1.57377 1CT (W/solid angle)

















Do2 = 1.79871 (dimensionless
Radiation Resistance (Rr)
2 C 2
Rr := 60-7i -N (Q)






Rr2 =2.19898 10' (Q)











Rohmic = 0.04984 (Q)











Maximum Effective Aperture (Aem )
:
Aem =.0543 (X C) (m2 )
Aem =0.14432 (m2 )
2
. - ecd X Do 9Aem2 .= (mz )
4 71
Aem2 =0.14424 (m2 )
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Effective Isotropic Radiated Power (EIRP) :
EIRP: = PradDo (W)
EIRP =2.35675 103 (W)
Bandwidth
:
Bandwidth :=- f 1 1 (Hz)
a H 6
Bandwidth =6.17143 10 (Hz)
Maximum Effective Height (h
^m )
:
. . [Rr Aem .
,
.
hem •= J — 2 (m)
J %
hem = 1.68821 (m)
/RrAem2
_
, ,hem2 •= | 2 (m)
hem2 = 1.68775 (m)
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For the purpose of this far-field radiation pattern, the large loop
antenna axis is equivalent to the Ey = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Electric Field Without Ground Effects
















Calculate large loop antenna parameters in free space (ferrite core)
Effective Permeability (jtej :
jie = = (H/m)
1 + Ddemag (nf- 1)
fie =5.04663 10~
3 (H/m)








:=p^e< J -',lL,1nH| (V/m,
Radiation Intensity U( 8 ):
rff
2








<w / solid an gle »
2 %
Umax :=max(Ul) (W / solid angle)
Umax =2.5382- 109 (W / solid angle)
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Do2 = 1.79871 (dimensionless)
Radiation Resistance (Rr'
Rr .= ,2 60-£fe N 2 (D)






Rr2= 3.54654 10 10 (Q)
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Ohmic Resistance Rohm-ir. :
Rohmic :=







ecd = l (dimensionless)
Gain G:
G — ecd Do (dxmensionless)
Gdb = 10 log(ecd Do) (dBl
G=2.1435 (dimensionless)
Gdb = 3.31 123 (dB)
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Bandwidth :=-[ 1 1 (Hz)
a \ 6
Bandwidth =6.17143 10 (Hz)
Maximum Effective Height (he
[Rr-Aem .hem = J — -2 (m)
hem = 6.77808- 103 (m)
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LARGE LOOP ANTENNA FAR FIELD PATTERN IN FREE SPACE WITH FERRITE CORE
For the purpose of this far-field radiation pattern, the large loop
antenna axis is equivalent to the Ey = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Electric Field Without Ground Effects




Calculate large horizontal loop antenna parameters over ground (air
core) :
Define angular offset 8
from small loop axis:




Relative Complex Permittivity ( c r t )
:
erp '•= cr— j
2 Tlf £
(dimensionless
erp = l -3.31288 10 j [dimensionless
)








































Umax • = ( |max(Ethoii )| )
2 \
(W/solid angle;
Umax =7.03652 1CT (W/solid angle)
Radiated Power Pradl
f2-7l
Prad := |U(9)-sin(8)| dOcty (W)
















Bandwidth :=- 1 1
a \ 6
(Hz)
Bandwidth =6.17143 10° (Hz)







Ohmic Resistance R n hTn-j r.
Rohmic :=





























Maximum Effective Height (h prri ) :
hem = r Aem 2 (m)
hem = 3.55347 (m)
Effective Isotropic Radiated Power (EIRP)






For the purpose of this far-field radiation pattern, the large loop
antenna axis is equivalent to the Ex = grid line. The pattern is
symetric when rotated in the ($) dirction about the antenna's axis.
Large Horizontal Loop with Air Core Electric
Over Real Ground



















0.001 0.002 0.003 0.004 0.005
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Calculate large horizontal loop antenna parameters over ground (ferrite
core) :















Radiation Intensity U ( 8)
U(6):=— (|Ethor(0)|) 2
2 %
(W / solid angle)
rfi
2
Umax = ( |max(Ethorl )| )
2 \
(W / solid angle;
Umax = 1.13486 10 10 (W / solid angle)



















D . 2 -Prad KT 2 (Q)Rr •= N
R]=3 6d931 10
R S := liSS IQI
RS = 0.29852
Ohmic Resistance Rnhnrj r
Rohmic:=
N aRs (RR+ 1) (Q)
Rohmic =3.15832 (Q)
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Conduct ion- Pi electric Ef f iciency]| rrj )
Rr
ecd := (dimensionless )
Rohmic + Rr
ccd = 1 (dimensionless
Gain G:
G"=ecdDo (dimensionless)
Gdb := lOlog(rcdDo) (dB)
G = 7.79439 (dimensionless)
Gdb -8 91782 (dB)
Maximum Effective Aperture (Af
ecd /. Do 9Aem "= (mz
4 n
Aem =0 52453 (m2 )
Effective Isotropic Radiated Power (EIRP) :
EIRP:=PradDo (W)




Bandwidth :=- 1 1 I (Hz)
a \ 6 n
Bandwidth =6.17143- 10 (Hz
Maximum Effective Height (h prri )




hem = 1.42709* 104 (m)
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LARGE HORIZONTAL LOOP ANTENNA FAR FIELD PATTERN ABOVE GROUND WITH
FERRITE CORE
For the purpose of this far-field radiation pattern, the large loop
antenna axis is equivalent to the Ex = grid line. The pattern is
symetric when rotated in the (<)>) dirction about the antenna's axis.
Large Horizontal Loop with Ferrite Core
Electric Over Real Ground
Ex(6) •= |Ethor(e)|-cos|e+i Ey(6).= |Ethor(G)| sin Q+-
Ey(6) 9




A bedspring (or curtain) antenna is a two dimensional array of identical
horizontal dipoles. The vertical stacks of dipoles are referred to as
bays. A bedspring antenna is built from two or more bays. Bedspring
assemblies are normally designed for high frequency (3 - 30 MHz)
operations. The beam maximum can be steered in either the azimuthal or
vertical directions by adjusting the phase of the element feed currents.
Bedspring antenna Mathcad applications assume that all elements lie in
the y-z plane, that all element excitation currents have identical
maximum amplitude, that there are only 2 dB of losses associated with
the antenna, and that a perfect reflector screen is located in the -x
half space.
(Note: Mathcad equations cannot use symbolic subscripts. Therefore,
symbols like X will immediately follow the parameter in equations in
lieu of subscripts. )
The bedspring antenna Mathcad application will compute the following
parameters
:




Eq^ = Electric Field (0) Component for an Individual Bay
Ea^ = Electric Field {$) Component for an Individual Bay
Sx = Array Factor for Perfect Image Reflector
Sy = Array Factor for Multiple Bays
A, B = Electric Field Coefficients
Egt = Electric Field (0) Component (Including Ground Effects)
EAt = Electric Field (<j>) Component (Including Ground Effects)
U = Radiation Intensity
Umax = Maximum Radiation Intensity
Pracj = Radiated Power
Tv = Vertical Reflection Coefficient (Ground Reflection)
r^ = Horizontal Reflection Coefficient (Ground Reflection)
G = Gain
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture
BW = Bandwidth
Er
i = Ground Relative Complex Permittivity
(Note: The subscript ' will be annotated as p in the application)
rmin = Minimum Distance to Far-Field
Rr = Radiation Resistance
nem
= Maximum Effective Height
|I
I
= Magnitude of Antenna Feed Current
^x, y, z
= Electric Field Spatial Components
oa
= Antenna Unit Polarization Vector
^high = Upper Operating Frequency
^low = Lower Operating Frequency
191
PLF = Polarization Loss Factor
oa
= Antenna Unit Polarization Vector
6p
= Coaltitude (Deflection Angle from +z Axis) for Polarization Loss
ij>p = Azimuth Angle for Polarization Loss
The following data must be input based on known or estimated data
M = Number of Elements per Bay
N = Number of Bays
Zj_ = Height of ith Element Above Ground
Z^-Z-l.^ = Vertical Spacing of the ith Element
Yj_ = Horizontal Position (Center of Dipole) of i th Bay
Y 1 -YjL _2 = Horizontal Spacing of the i t " Bay
X]_ = Reflector Position
1 = Half-Length of Each Element
f = Frequency of Interest
i = Number of Increments for Far Field Radiation Patterns
(Note: Due to Mathcad restrictions on matrix size, i < 125)
o = Ground Conductivity
er
= Ground Relative Permittivity
rff = Distance of Field Calculations
Im = Input Current at Element Terminals
Op = Coaltitude (Deflection Angle from + z Axis) for Azimuth Plot
$q = Azimuth Angle for Elevation Plot
C 1 = Relative Current Amplitude of i^" Element
O = Vertical Scan Angle (Coaltitude)
4> = Azimuthal Scan Angle
(x,y,z) = Coordinates for Unit Polarization Vector
ow = Incoming Wave Unit Polarization Vector
192
Enter input data here
M:=4 [elements) f := 10 10° (Hz
N:=2 (bays) er:=10 (dimensionless)
i =90 (increments
)




















Im ~ 1 (amps
)
o := .01 (mhos / m)
Xl:=7 (m)








Calculate bedspnng antenna geometric parameters and define constants
c =29979 10 (meters/sec) \ =120-7i (fi)
).: (meters /cycle)
- 1 irr 9
36ti
(Farads/m)
). = 29.979 (meters/cycle)
. 7






D =60 83584 (m)
Calculate bedspnng antenna parameter:
Define angular offset 6
from; y-z axis:


















rmin =3.04179 10 (m)
k-i!
k = 0.20959 (m-1 )
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Ground Relative Complex




erp = 10— 1 8 j (dimensionless;










crpcosl - erp- sin
Ivl •= 3 __ (dimensionless
npcos] 4 Jap- sin
—
|




cos(6) + ^erp- sin(6)
wjn fw-m
cosl 1 - [op- sin —
fhl '= - — (dimensionless)
cosj— | + [op- sin —
V1-
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Ej kZ . „(cos(e)-cos(Goj) / -j -2-k-Z . cos(G)\C q _ )0 e q -''° Al-rv(9)e «" 1 '° } (dimensionless
)
'« "/ j Cq-l.o'Al = > . -e
q
/ M l(.\ I t, 7 (**\\ <dimensionl(







Ej kZ n-(cos(Gj-cos(6o)) / -j 2 k Z . -cos(6)\C q _ ]0 e q - K0 U4-rh(0)e q" 1 '° I (dimensionless
)
Bl :=V C . -e





Ycosfc-ij - cos(Bo)J f -j -2-k-Z j -coS p_in I (dimensionless)
Electric Field Components for Individual Bay EpmJ
cn,, ,,, ,,, T e*
J
cos(k lsin(G) -sin(^))- cos(k 1) . ,.. _ ..„. .







Hvt)1tr cosl k-lsinl—- 1 sinf— + —-] I - cosfk 1)e jkrff . 2 ill .in vn\ iw
E611 :=-i -601m- S 1—-! i— -^ -sin— +— -cos -Al
«ff
. M 2 /» vt\ 2 I 2 .
- sin| sin - — + —
i / \ 2 i
(V/m)
,-,, „ ,s ^^ t e~
J
' cos(k-l-sin(0)-sin(6)) - cos(k-l) ,,* n ,**






°°s ^ 1 sm — -sin ~ +— - cos(kl)
E*ll :=j 60 Im^ i LiJ 1 2 ill cos.-n +HiBl
*
, M 2 ./, v^ 2 I 2 ij
1 - sin| j sin] 1-— |
i / I I i
Sy(M) =J]
qi




J kYo. qi-r sin l
qi
Array Factor for Ideal Reflector S v :
Sx(e,4>) :=l-e- J - 2kXlsi* e > c°s(*)
-j 2k Xlsmtl coS (-l4-1
(V/m)






Sxl := 1 - e
w,v (dimensionless)
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Total Electric Field Components Egt a-j-J.
Eet(6,4t) :=E61(e^) Sx(6,(j.)Sy(e,«)))
(V/m)
EOtl :=E011 Sxl Svl
W . V W ' V W V W , V
(V/m)
E$t(G,$) -= E4>1(G,4.) Sx(B,4)) Sy(G,4>)
(V/m)
Editl :=E411 Sxl Svl




U(6,4):=— [(|Eet(0^)|)2 +(|Eit(e^)| (W/solid angle)
Ul























Do = 1.13041 10 (dimensionless)




Radiation Resistance (R r \
Rrs-lSSi (Q»
diolr
Rr = 30.5994 (Q)
Gain G:
Gdb := lOlog(Do)- 2
G =71.32377
(dBl
Gdb = 18.53234 (dB;
Gdb
G = 10 10 (dimensionless
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(dimensionless)




4>p := atan I
-
(radians)
8p = 1.5209 ( radians +p =0.04996
( radians
)
E\ :=Eet(0p,^p)-cos(0p)-cos(^p)- E<j>t ( Gp , <|>p ) sin(ij>p) (V/m)















Maximum Effective Aperture (Af






Effective Isotropic Radiated Power (EIRP)
EIRP =PradDo




Maximum Effective Height (hpm )
:
[Rr Aem
hem .= J — 2 (m)
hem = 37.99241 (m)
Bandwidth BW
:
Half-Wave Assembly Symmetric Feed Assembly
R2 =-£.





fhigh := 1.02T/.2 (Hz)
BW1 = fhigh 1- flow
(H:
flow := .98 0.2 (Hz) BW1 = 3.54297 106
BW = fhigh- flow (Hz.
BW= 2.72536 105
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BEDSPRING ANTENNA AZIMUTHAL FAR FIELD PATTERN
For the purpose of this far-field radiation pattern, the bedspring
antenna lies on the Ey = grid line. Three field patterns are
developed: the (8) component of electric field, the ($) component of
electric field, the total electric field. The user must select the
desired coaltitude (8q ) for which the patterns will be graphed.
Theta Component of Azimuthal Electric Field
2

























\ i j /
^
\
N\ \ / / /\ s\\ ,< / /V V '// /V
^_ \ /\ /




Phi Component of Azimuthal Electric Field















Total Azimuthal Electric Field
Et(f)
:= J( |E9i(0g,*)| )
2
+ ( |E*t(6g,*)|












-3* 10-2^ 10 ia-1.8'10 lii 1.2'10~ 1!L6'10~ 12T926 , 10^3^ 10 19 1.2*10 18 1 8* 10
18




BEDSPRING ANTENNA ELEVATION FAR FIELD PATTERN
For the purpose of this far-field radiation pattern, the bedspring
antenna lies on the Ex = grid line. Three field patterns are
developed: the (0) component of electric field, the ($) component of
electric field, the total electric field. The user must select the
desired aximuth angle
graphed.
.) for which the elevation patterns will be
Theta Component of Elevation Pattern of
Electric Field
E9ix(9) := EOtj— e,4>g
*g =0














-0.8 -0.6 -0.4 -0.2 -5.551 10~ 17 0.2 0.4 0.6 0.8 1
E9ix( 6)
— E FIELD
Phi Component of Elevation Pattern of
Electric Field
























Elevation Plot of Total Electric Field
Et(9) : = J( |E0t(G,*g)| )
2
+ ( |E<frt(9,*g)|

































THE SPIRAL ANTENNA (EXACT METHOD)
MATHCAD SOFTWARE-SPIRAL. MCD
Spiral antennas are a family of two or three dimensional devices that
possess frequency independant parameters over a wide bandwidth. Spiral
antennas are commonly used for direction finding, satellite tracking
and missile guidance.
The planar spiral may be of the Archemedean, log-spiral, or equiangular
type. All three radiate two main, circularly polarized lobes
perpendicular to the plane of the antenna. Additional gain for planar
spirals may be achieved by placing a metal cavity on the side of the
antenna with the unwanted lobe. The cavity may be empty or be filled
with electromagnetic energy absorbing material. These applications
principly examine the equiangular planar spiral and do not account for
cavity backed effects.
The three dimensional, or conical, spiral exhibits many of the same
features as the planar spiral except that it radiates a single main beam
in the direction of its tip, thereby eliminating the need for cavities.
The conical log-spiral is the only three dimensional antenna analyzed by
this application.
(Note: Mathcad equations cannot use symbolic subscripts. Therefore,
symbols like X will immediately follow the parameter in equations in
lieu of subscripts. )
The spiral antenna Mathcad applications will compute the following




Eg = Electric Field (8) Component
Ea = Electric Field ($) Component
A,B,C = Conical Log-Spiral Electric Field Coefficients
U = Radiation Intensity
umax
= Maximum Radiation Intensity
prad = Radiated Power
G = Gain
EIRP = Effective Isotropic Radiated Power
Aern = Maximum Effective Aperture
BW = Bandwidth
rmin = Minimum Distance to Far-Field
R r = Radiation Resistance
hem = Maximum Effective Height
Ex,y,z = Conical Log-Spiral Electric Field Spatial Components
oa = Conical Log-Spiral Unit Polarization Vector
^high = Upper Operating Frequency
^low = Lower Operating Frequency
rn = Any point on the nth edge of a spiral
£ex = Equiangular Planar Spiral Expansion Ratio
Zi = Planar Spiral Input Impedance




PLF = Polarization Loss Factor
Q = Conical Log-Spiral Antenna Slowness Factor
I (0 = Conical Log-Spiral Current Distribution
^(£) = Conical Log-Spiral Azimuth
an
= Conical Log-Spiral Phase Difference of nth arm
Xhiqh = Upper Operating Wavelength
^low = Lower Operating Wavelength
P = Planar Spiral Angle
A = Planar Spiral Electric Field Amplitude
b = Conical Log-Spiral Constant
L = Conical Log-Spiral Total Arm Length
( L = Conical Log-Spiral Azimuth at End of Arm
8p = Desired Conical Log-Spiral Polarization Offset Angle from z Axis
$p = Desired Conical Log-Spiral Polarization Azimuth Angle
L = Conical Log-Spiral Total Arm Length
The following data must be input based on known or estimated data:
M = Mode
N = Number of Spiral Arms
f = Frequency of Interest
i = Number of Increments for Far Field Radiation Patterns
r^f = Distance of Far-Field Calculations
I Q = Input Current at Antenna Terminals
0q = Deflection Angle from +z Axis for Azimuth Plot
(jiq = Azimuth Angle for Elevation Plot
(x,y, z) = Coordinates for Conical Log-Spiral Unit Polarization Vector
rQ = Spiral Feed Point
a = Flare Rate
8n+ ]_
= Angular Arm Width of n^ Spiral Arm
^ex
= Azimuth to Compute Expansion Ratio
P = Conical Log-Spiral Angle
R = Overall Radius
EQ = Source Strength Constant for Planar Spirals
Zj_ = Conical Log-Spiral Input Impedance
ow = Wave Unit Polarization Vector
O = Cone Angle
A9 = Conical Log-Spiral Half-Power Beamwidth
Zc = Characteristic Impedance of Feed Assembly
t = Number of Increments Along Conical Log-Spiral Arm
oa = Equiangular Planar Spiral Unit Polarization Vector
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THE PLANAR SPIRAL ANTENNAS
Enter input data here
N = 2 (arms)
M := 1 (mode)
(Note: Mmax is N-l)
i = 30 (increments)
a =.221 (dimensionlessi















Calculate planar spiral antenna geometric parameters and define
constants
:






X = 99.93 (meters/cycle)




Calculate planar spiral antenna parameters :
Define angular offset
from y-z axis:
Distance to Far-Field rmin-i
















rmin = 1.59888- 10 (m)
k -
2-71 (nT 1 )
k = 0.06288
(m-1




































flow =7.49475- 10 (Hz)
BW = fhigh - flow (Hz) BW1 = fliighl-flow
(Hz)
BW= 6.74528- 10* (Hz) BW1 =7.49475-10 (Hz)
Electric Field E ( 6j ) and Electric Field Amplitude A(8):
w:=0..i (increments)
E^(iG) :=
M j- , - 1r /i






















7i w\ 2 i i






71 W . 2 71 W










(W / solid angle!
Ul
« 2 . %
Al (W / solid angle)
Umax = max(Ul) (W / solid angle)
Umax =2.2285*10
"3
(W / solid angle]
Radiated Power P ra n :
























Zi = 1.88496- 10" (0)














EIRP : = Prad-Do
(dimensionless)
(dimensionless:
GdB = 101og(G) (dBI
GdB =5.04196 (dB)




Polarization Loss Factor (PLF)
PLF '= Ucwaa ) (dimensionless
PLF = 1 (dimensionless;
Maximum Effective Aperture (A f
X
2












THE EQUIANGULAR PLANAR SPIRAL ANTENNA FAR-FIELD ELEVATION PATTERN
For the purpose of this far-field radiation pattern, the spiral antenna
lies parallel to the Ey = grid line and is centered at the origin.
The magitude of the electric field pattern is rotationally symmetric
with respect to the Ex=0 grid line. The equiangular planar spiral
antenna possesses a mirror image radiaton pattern in the -y half plane.

















0.12 0.24 0.36 0.48 0.6
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TEE CONICAL SPIRAL ANTENNAS
Enter input data here
N =2 (arms)
M = 1 (mode)
(Note: Mmax is N-l)
i =9 (increments!
f=280 10 (Hz)
Io = 1 (amps)
rflF = M04 (meters)
ro =.03 (m)
























00 = 0.17453 (radians)
HPBW =80 (degrees;
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(meters/cycle) 1 9£ = 10 (Farads/m)
36 7i
31 = 1.07068 (meters/cycle) H =4-n-10
-7 (H/m)
Calculate conical log-spiral antenna parameters
Define angular offset 6
from y-z axis:
Distance to Far-Field rmin:









0,— .. 2-7i (radians)
rmin =max(rr) (m)
rmin = 1.71309 (m)
Wavenumber k: Radial Distance to n*Jl Spiral Edge r
k : =
2-71
(m-1 ) b =cot(p) (dimensionless
)
k = 5.86841 (rrT 1 ) b =0.30573 (dimensionless)
r(n,$r) = roe





















BW = fhjgh - flow (Hz)




Azimuth at End of the First Spiral Arm ALj
R







Spiral Arm Length L:
L =™- e*











-t L (amps;1(1) =Ioe








)1(0 = ln[i^+ 1
bsin(9o) \ro / (radians)
C6(U,D := 1 + _J W <«*>-+">+[] _ _J \.e-J <Wtt-*+H
b-sin(9o)/ \ b-sin(0o)/v " K ' (dimensionless)
219
C16(E,w,l) := 1 + J






C*(^,*,l): = j J V gi •(K4)-* + l-o)_ L j \ e-j •(K5)-*+l-o)l sin(6o)
b-sin(Go) b-sin(Go)
(dimensionless)














( sin( Ojsin( Go)cos( <J) 1 < £, > — $ + !•«))






! sin—n+ -- -cos(0o)
\ 2 \i 2/
(dimensionless;
Altf.v.w) :=][Yj Mla e
L^i.[sin(--ii+--)-Hn(Gb)-cos[*l(^)---2-*-(-l-a'
Q \ \i 2y \ i
•Dl(4,v,w)
(dimensionless;
B($,e,t) : =]Te j M1 a e
-^sin( 9)sin( 8o)cos( 4> 1 < \) - 4 f la) (dimensionless)
•C*C^,4,1)
220
ni/ , . . \ ' -j MiaBl(!j,v,w) = y e
1
i-^sin(-x + --Vsin(eo)cos^l(0-^-2)t + la
Q \i 2,




















K^)e Q Vi 2/ Al(^v,w)d4
(V/m)













•cos I 1—* + ] i -cos( 6o)
Q \\i 2// Bl(^,v,w)d4
(V/m)
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Radiation Intensity U( 8)
U2(9,4>) :=—[( |Ee(G»| )\ ( |E«M)| f]
2^n









+(|E$i (W / solid angle!
Umax =ma\(U22) (W / solid angle!
Umax = 0.25969
(W / solid angle;




























T = 0.23077 (dimensionless)
Reflecton Efficiency ervj
etv =i-(irj) 2 (dimensionless)
erv =0.94675 (dimensionless
Gain G:













Polarization Loss Factor PLF:
0p - atan
2 2











^(|Ex|) 2 + (|Eyj)2 + (|Ez!) 2 \Ez/
(dimensionless]
/-0.92973 - 0.1613J
oa = 0.29553 + 0.14919J (dimensionless)
= \ | o\v- oa
;
) (dimensionless)
PLF = 0.40896 (dimensionless)





Aem =0.14172 (m2 )








THE CONICAL LOG-SPIRAL ANTENNA FAR-FIELD ELEVATION PATTERNS
For the purpose of the far-field radiation elevation patterns, the
conical log-spiral antenna lies parallel to the Ey = grid line.
Application users must specify the desired azimuth and elevation for the
plots
.
THETA COMPONENT OF THE ELEVATION PATTERN
$g: = — (radians)
2

















PHI COMPONENT OF THE ELEVATION PATTERN
4>g :=— (radians)
Exl(G) :=|E4Ce + «,4g)|-cos + -
\ 2





























































THE CONICAL LOG-SPIRAL ANTENNA FAR-FIELD AZIMUTH PATTERNS
For the purpose of the far-field radiation azimuth patterns, the conical
log-spiral antenna lies in the plane of the plot and is centered at the
origin. Application users must specify the desired offset angle from
the z axis for the plots.
THETA COMPONENT OF THE AZIMUTH PATTERN
0g :=— (radians)










































































THE CONICAL HORN ANTENNA (EXACT METHOD)
MATHCAD SOFTWARE-HORN_CON.MCD
Conical horn antennas are devices used to provide a transistion from a
circular waveguide to an unbounded medium such that the wavefront at the
aperture of the horn has nearly a constant phase at any point in the
mouth of the horn.
Conical horns are commonly used as feed elements for reflectors used in
satellite tracking, microwave communications, and radar.
(Note: Mathcad equations cannot use symbolic subscripts. Therefore,
symbols like X will immediately follow the parameter in equations in
lieu of subscripts.)






Eg = Electric Field (6) Component
Ea = Electric Field (<|i) Component
U = Radiation Intensity
Umax = Maximum Radiation Intensity
P racj = Radiated Power
G = Gain
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture
BW = Bandwidth
rmin = Minimum Distance to Far-Field
R r = Radiation Resistance
hem = Maximum Effective Height
Ex v i
= Electric Field Components in Cartesian Coordinates
oa
= Unit Polarization Vector
fcte = Transverse Electric Cutoff Frequencies
fctm = Transverse Magnetic Cutoff Frequencies
eap = Aperture Efficiency
PLF = Polarization Loss Factor




'= Spherical Hankel Function and its Derivative
v = Legendre and Hankel Function Order
b ,8 = Legendre and Hankel Function Constants
doptimum = Optimum Conical Horn Mouth Diameter
Ax y z = Conical Horn Magnetic Vector Potentials
h = Conical Horn Axial Height
BH = Magnetic Vector Potential Integral Coefficients
P = Magnetic Vector Potential Integral Phase Shift
231
The following data must be input based on known or estimated data:
m, n = Mode
f = Frequency of Interest
i = Number of Increments for Far Field Radiation Patterns
tff = Distance of Far-Field Calculations
I Q = Input Current at Antenna Terminals
0q = Coaltitude (Deflection Angle from +z Axis) for Azimuth Plot
$q
= Azimuth Angle for Elevation Plot
(x,y,z) = Coordinates for Unit Polarization Vector
a = Flare Angle
a = Circular Waveguide Inner Radius
Xm n
= n*-*
1 Zero of Bessel Function of the First Kind, Order m.
X 'm n
= nt ^ Zero of Bessel Function Derivative of the First Kind, Order
m.
BQ = Electric Field Amplitude Constant
dmeas = Measured Diameter of the Conical Horn's Mouth
Enter input data here:
n =1 (mode number) f =1.96 l(f (Hz:
m =1 (mode number; Io = 1 ( amp s
)
i = li ^increments
)












dmeas = 1 (m)
z =10 (m)
232
Calculate conical horn antenna geometric parameters and define
constants
:
























Define Bessel Function Matrices:
(Note: m = column number, n = row number, matrix index starts at






8.6537 10.1735 11.6199 13.0152 14.3726





10.1735 8.5363 9.9695 11.3459 12.6819






Calculate planar spiral antenna parameters :
Distance to Far-Field rDefine angular offset 6
from y-z axis:
Gp














71 71 71 71








k = 41.0789 (rrT 1 )
Cutoff Frequencies f r :






























Transverse Magnetic (TM) Modes
fctm = S-



















9.28503-109 1.09157-10 10 1.24676-10 10 1.39647-10 10 1.5421 MO10
1.26517-10
10 1.42947-10 10 1.58754-10 10 1.74071 MO 10 1.89012-10 10
iz:







b = 26.32708 (dimensionless
)
5=* (dimensionless)
8 = 4.5 (dimensionless
Legendre and Hankel Function Orders y:
v:=-.5+.5- 1+4-b (dimensionless
v = 4.6553 (dimensionless)
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Magnetic Vector Potential Integral Coefficient Bi






Magnetic Vector Potential Integral Phase Shift ^_and Other Coefficients;
p(0J,ep,*p) =cos(e)cos(ep) + sin(9) sin(9p)cos($- fo>) (dimensionless)
C(9p,$p) : = (sin(8 0p)cos($p) cos(9p) + Scos(S 9p)sin(4>p) sin(9p)j
(dimensionless)
D(0p»$P) = sin(8-9p)cos((J»p) sin(^p) cos(6p) - 8-cos(5-9p)-sin(^p)-cos(^p)-sin(9p)
236 (dimensionless)







khP(e '*' ep^ ) C(0p
>ip)%dep (Wb/m)
Ay(G» : = -BH-pl
U; j
2-n









'kh P(6'*' 6p '*p)
sin(6Gp)cos(^p)sin(Gp)% dGp
(Wb/m)
Electric Field Components E
q
,E i:
E9(G,4») - = k •(Ax(0,*)-cos(G)-cos(^) + Ay(9J)-cos(0)-sin(^)- Az(0,$)sin(6))
(V/m)
EK6J) = -Ax(6,<fr)sin($) + Ay(0,4i)-cos(4>) (V/m)
Radiation Intensity U( 6)




















Rr = 1.64618- 10" (Q)
Gain G:





Effective Isotropic Radiated Power EIRP:
EIRP =PradDo
(W)
EIRP = 1.92325- 10' (W)
Antenna Unit Polarization Vector gp,
0pl = atan
2 2
x +y (radians; $pl = atan - (radians)
9pl =0.95532 (radians) ^pl =0.7854 (radians)
Ex :=E6(0pl,4pl)-cos(epl)-cos(^pl)- EK9pl,fo>l)-sin(fo)l)
(V/m)














\-0. 10708- 0.8094 5j
(dimensionless
Polarization Loss Factor PLF:
|\2
PLF := 1 1 ow oa (dimensionless
PLF =0.16663 (dimensionless)
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-Do-.95-PLF . 2,Aem = (m^)
4-71
Aem = 0.06886 (m2 )

















THE CONICAL HORN ANTENNA FAR-FIELD ELEVATION PATTERNS
For the purpose of these far-field radiation patterns, the conial horn
antenna axis is parallel to the Ey = grid line and the apex of the
horn is located at the origin. Electric field components behind the
horn's aperture are assumed to be zero.
Theta Component of Elevation Pattern
4>g =— (radians)
2















-$., .-i6 , ,. ,n"^ -*. ,n-9 9 *. , n-9 ,<. -flin ' < /;• in' /; 7« —6in * 7 fi» —
o













Phi Component of Elevation Pattern

























































0.012 0.015 0.017 0.02 0.022
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THE CONICAL HORN ANTENNA FAR-FIELD AZIMUTH PATTERNS
For the purpose of these far-field radiation patterns, the conial horn
antenna axis is perpendicular to the Ey = and Ex = grid lines and
the apex of the horn is located at the origin.
Theta Component of Azimuth Pattern
6g =
10





-S -6.4 -4.8 -3.2
— EFELD






























THE PYRAMIDAL HORN ANTENNA
MATHCAD SOFTWARE-HORN_PYR.MCD
Pyramidal horn antennas are devices used to provide a transistion from a
rectangular waveguide to an unbounded medium such that the wavefront at
the aperture of the horn has nearly a constant phase at any point in the
mouth of the horn.
Pyramidal horns are the most popular type of feed elements for
reflectors used in satellite tracking, microwave communications, and
radar.
The pyramidal horn applications may be used to analyze E- and H-plane
sectoral horns. To analyze an E-plane sectoral horn set horn dimension
(al) equal to waveguide dimension (a) . To analyze an H-plane sectoral
horn set horn dimension (bl) equal to waveguide dimension (b)
.
(Note: Mathcad equations cannot use symbolic subscripts. Therefore,
symbols like X will immediately follow the parameter in equations in
lieu of subscipts.)





Eq = Electric Field (0) Component
Ea = Electric Field ($) Component
U = Radiation Intensity
umax
= Maximum Radiation Intensity
prad = Radiated Power
G = Gain
EIRP = Effective Isotropic Radiated Power
Aem = Maximum Effective Aperture
BW = Bandwidth
rmin = Minimum Distance to Far-Field
Rr = Radiation Resistance
hem = Maximum Effective Height
Ex v z
= Electric Field Components in Cartesian Coordinates
oa
= Unit Polarization Vector
fc = Transverse Electric and Transverse Magnetic Cutoff Frequencies
eap = Aperture Efficiency
PLF = Polarization Loss Factor
Dp = Pyramidal Horn Corner to Corner Distance
Pe h = Pyramidal Horn Perpendicular Flare to Mouth Distances
Ii 2 = Electric Field Component Equation Coefficients
247
The following data must be input based on known or estimated data:
t = Number of Cutoff Frequencies Calculated
m, n = Modes
f = Frequency of Interest
i = Number of Increments for Far Field Radiation Patterns
rff = Distance of Far-Field Calculations
IQ = Input Current at Antenna Terminals
9g = Coaltitude (Deflection Angle from +z Axis) for Azimuth Plot
^g
= Azimuth Angle for Elevation Plot
(x,y,z) = Coordinates for Unit Polarization Vector
a,b = Rectangular Waveguide Dimensions
a^/b^ = Pyramidal Horn Dimensions
Pl/P2'Pe'Ph = Pyramidal Horn Imaginary Cone Apex to Mouth Distances
EQ = Electric Field Amplitude Constant
248
Enter input data here:
t:=5 (modes)
f = 9.310* (Hz)
Io=l (amps)
i =36 (increments) rff = 110 (meters)
(Note: For E-plane sectoral horn analysis
set (al) equal to (a) . For H-plane sectoral



























8 (meters/sec) % = 120 7i
(Q)
X=5 (meters/cycle) 1 g
e.:= 10 (Farads/m)
36ti









.I (m) pt :=(a,- a ,. | (ij
2
-i (m)
pe = 0.29759 (m) ph= 0.29771 (m)
Calculate planar spiral antenna parameters :









+10 ..— + 10






=10- 6,— +10" 6..2n+10- 6 (radians)
nnin =max(rr) (m)














1.47638-10 10 2.95276-10 10 4.42913-1010 5.90551-10 10 7.38189-1010




































3.28084-10 10 3.59772-10 10 4.41392-10 10 5.51191-10
10 6.75566-10 10 8.07813-10 10
(Note: The index for both m, n above begins with zero. TM modes cannot
have m or n equal zero. TEqq mode does not physically exist.)
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coslk-sin —n— + 10" cos
—
2-jh- 10"






























121 : = tf
v,w
bl=b,b
sin | k--- sin --7i + 10" 1-sinf— -2-n+ 10"
2 l 2 \ i
k^.sint,-l + 10- 6|.sin(^2^10- 6
2 i 2












sinp.2.| 1+cos^J) llVfW.Dl, (V/m)
EtfM) =j k-Eo
4-a-rff




















\ I v .w l / \ I v »^
(W/solid angle)






























GdB = 18.67183 (dB)
Effective Isotropic Radiated Power EIRP:













Ex :=E8(ep,4p)-cos(8p)-cos(to>) - E4<ep,$p)sin($p) (V/m)
Ey :=E9(0p,$p)-cos(0p)-sin(4ip) + E4<6p,$p)-cos(4>p) (V/m)
Ez: = -E9(ep,4p)-sin(ep) (V/m)
oa : = •
JEx\
Ey
^(|Ex|)2 +(|Ey|)2 + (|Ez|)2 \Ez (dimensionless)
/-0. 18825 + 0.09603j
oa = 0.70255 - 0.35837J




Polarization Loss Factor PLF:
=-(l
i\2












Maximum Effective Height h^m :
hem- RrAem -2 (m)










THE PYRAMIDAL HORN ANTENNA FAR-FIELD ELEVATION PATTERNS
For the purpose of these far-field radiation patterns, the pyramidal
horn antenna central axis is parallel to the Ey = grid line and the
perimeter of the mouth of the horn is parallel to the Ex = grid line.
Electric field components in the half space behind the horn's aperture
are assumed to be zero.
r.l
Theta Component of Elevation Pattern
$g =0 (radians)





















































0.004 0.004 0.005 0.005 0.006
Total Elevation Pattern
Et(8,*) : = ^E8(8,t)
2
+E4(8,4)2


























THE PYRAMIDAL HORN ANTENNA FAR-FIELD AZIMUTH PATTERNS
For the purpose of these far-field radiation patterns, the pyramidal
horn central axis is perpendicular to the Ey = and Ex = grid lines
Theta Component of Azimuth Pattern
10
(Note: Gg must be less than a/2 radians)
























Phi Component of Azimuth Pattern



























Et(e,4>) ^Ee(e,$)2 + EKej) 2
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